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I. INTRODUCTION 
Much of the soil fertility research with soybeans (Glycine 
max (L.) Merrill) has been conducted at yield levels in the range 
from 1300 to 2700 kg/ha. In recent years some farmers have 
obtained soybean yields in excess of this range. Yields in 
supervised contests have exceeded 4300 kg/ha and a few researchers 
have reported yields in excess of 5000 kg/ha in replicated field 
experiments. Thus, some question exists regarding the useful­
ness of the information obtained in some of the soil fertility 
studies because of low yield levels. 
Soybeans have also been characterized as poor responders to 
applied fertility. In the midwest, this statement has implied 
comparison with com (Zea mays I ), a crop which has generally 
been observed to be more responsive than soybeans. However, 
because of a larger acreage and more experience with growing 
com, many farmers have used management practices favoring com 
when the two row crops were grown together in a common cropping 
system. Some of these practices have not been conducive to top 
yields of soybeans and may have restricted total yields and 
response to fertilization. 
Additional information is needed regarding soybean yield 
response to fertilization and the general mineral nutrient re­
quirement of the crop when grown under management regimes favoring 
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high yields. 
With these ideas in mind, field research was undertaken to 
study the following objectives; 
(1.) To use high levels of crop management to grow high 
yielding soybeans for use in fertility research studies. 
(2.) To compare the response of com and soybeans to applied 
fertilizers and to changes in levels of fertility in the soil. 
(3.) To measure and compare the nutrient uptake of corn 
and soybeans under high levels of crop management. 
The responses to fertility treatments were evaluated on the 
basis of grain yield, dry matter yield, plant height, plant 
lodging, and chemical analyses of whole plant, leaf, and grain 
samples. 
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II. REVIEW OF LITERATURE 
A. Soybean Yield Levels in Soil Fertility Research 
The mineral nutrition of soybeans has been the subject of 
several review papers in recent years (Ohlrogge, 1960; Ohlrogge, 
1963; Cartter and Hartwig, 1963; Ohlrogge and Kamprath, 1968; 
and deMooy, Pesek, and Spaldon, 1973). Yields of soybeans in 
many of the experiments cited in these reviews and in other 
publications were in the 1300 to 2700 kg/ha range (Miller, Pesek, 
Hanway, and Dumenil, 1964; deMooy and Pesek, 1971; deMooy, Young, 
and Kaap, 1973; and Walker and Schillinger, 1975). However, 
somewhat higher yields have been obtained in some fertility ex­
periments, such as the 3360 kg/ha yield observed by Barber 
(1971) in the later years of a long-term experiment. Welch 
(1975) reported check yields of 3360 kg/ha and a maximum yield 
of 4700 kg/ha from the residual effects of large applications 
of K. In this study, the response to lower rates of K were 
somewhat erratic. Henderson and Kamprath (1970) monitored the 
nutrient uptake during the growth of a crop which yielded 5376 kg/ha, 
but the very small sample size involved may have contributed 
to some error. These results have been useful but a need exists 
for additional research with crops yielding in excess of 3000 kg/ha. 
Farmers have obtained yields in the Iowa Crop Improvement 
Association's "Master Growers" contest of over 4000 kg/ha. 
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Similar yields are frequently reported by farmers in all soybean 
growing areas. In 1972 the average soybean yield in Iowa was 
2419 kg/ha with many yields in excess of 2700 kg/ha. Buhr (1971) 
reported a high yield of 4562 kg/ha and other yields in excess 
of 4000 kg/ha in a replicated field experiment. 
Some of the management factors which contribute to high 
soybean yields were isolated in the work of Buhr (1971). Ex­
tension publications and popular agricultural publications have 
also discussed "management packages" for soybeans. In general, 
good soybean management practices include well adapted varieties, 
early planting, narrow row spacings, medium plant populations 
of 370,000 to 400,000 plants/ha, and good weed control. Nickell 
(1971) indicated that if dry conditions were encountered, irriga­
tion during the pod filling stage gave a larger increase in yields 
than irrigation before or after that stage. Thus moisture control, 
if possible, is also important. Proper use of these management 
factors should be useful in raising the level of soybean yields 
in soil fertility experiments, as well as in general production. 
B. Comparison of Soybean and Corn Responses 
to Fertility Levels 
A great deal of speculation has existed in the past as to 
whether the corn or soybean crop is more responsive to applied 
fertility. This comparison is complicated by the fact that soy­
bean and com grain yields differ widely and the chemical composition 
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of the grain differs greatly. 
Young (1972) and deMooy, Young, and Kaap (1973) reviewed 
methods of comparing the two crops. They concluded that use of 
a soybean to corn yield ratio based on the concept of equivalent 
yield in terms of the energy required to produce a unit of each 
crop, as described by Howell (1961), was the most useful of the 
methods discussed. Howell (1961) estimated the energy required 
to produce a bushel of com and of soybeans (Table 1) . On 
this basis 45 bushels of soybeans is equivalent to 100 bushels 
of com. On a weight basis 48.44 kg of soybeans in equivalent 
to 100 kg of com. Multiplying corn yield by .4844 places it on 
an energy equivalent basis with soybeans and this value for 
com will be called the soybean equivalent. 
Young (1972) and deMooy, Young, and Kaap (1973) reviewed 
the results from many experiments involving comparisons of soybeans 
and corn. Most of these experiments indicated that soybeans 
were less responsive than com to P and K fertilization when 
compared on Howell's energy equivalent bases. However, the author's 
interpretation did not always agree when other methods of comparison 
were used. Many of the experiments did not compare the two 
crops on the same soil or at the same site in the same year. 
Young (1972) and deMooy, Young, and Kaap (1973) describe a field 
experiment which compared the response of both crops at the same 
site in the same year to both direct and residual fertilization. 
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Table 1. "Work" in soybean and com production (Howell, 1961) 
Composition 
Equiv. 
% of Kcal/bu yield 
Energy source dry wt. Ib/bu Stored "Work" Total (bu) 
Soybeans 
Carbohydrates 33 17.4 32,000 0 
Oil 22 11.6 50,000 40,000 
Protein 40 21.1 54,000 29,000 
Ash 5 2.6 0 0 
Nitrogen fixation 0 33,000 
Total 100 52.7 136,000 102,000 238,000 45 
Com 
Carbohydrates 84 40.5 75,000 0 
Oil 4 1.9 8,000 6,200 
Protein 10 4.8 12,000 6,400 
Ash 2 1.0 0 0 
Total 100 48.2 95,000 12,600 107,600 100 
Soybeans 
Summary 
Total Kcal/bu Equiv. yield 
107,600 
238,000 
100 
45 
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Their results showed com was more responsive to P fertilization, 
both direct and residual, than soybeans. Com was also itore 
responsive to direct K application while neither crop showed 
much response to residual K rates. 
C. Mineral Nutrient Uptake of Soybeans and Com 
Measurement of nutrient uptake is another way of comparing 
these two crops. Hanway (1962a and b) and Hanway and Weber 
(1971a and c) studied the accumulation of dry matter, N, P, and 
K by corn and soybeans during the growing season. If the percent 
of total nutrient accumulation in the above ground portion of 
the two crops are plotted against time after emergence, several 
points become evident from the two curves. Corn accumulates 
dry matter more rapidly early in the season but soybeans accumulate 
it at a much faster rate later in the season and complete dry 
matter accumulation before corn. Com also accumulates a larger 
amount of N, P, and K earlier in the season while soybeans accumulate 
N, P, and K at a faster rate in terms of percent to total later 
in the season. Thus, during the seed developing period, soybeans 
are accumulating larger relative amounts of N, P, and K than 
corn. This may be one reason why soybeans are so responsive 
to irrigation during this stage of growth. 
In terms of actual amounts of nutrient uptake there is a 
great deal of variation depending on the fertility status of 
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the soil on which the crop is growing. Hanway (1962b) and 
Hanway and Weber (1971c) observed this for both soybeans and 
com. It is interesting to note that there was not much difference 
in the total uptake of N, P, and K between well fertilized soy­
beans and com as observed by Hanway (1962b) and Hanway and 
Weber (1971c). Thus, the relative amounts of N, P, and K shown 
in the uptake curves could be interpreted as actual amounts. 
However, the soybean and com crops were not grown under the 
same conditions so the validity of the comparison may be uncertain. 
deMooy, Pesek, and Spaldon (1973) present the data of several 
workers showing the total uptake of mineral nutrients by soybeans. 
The above ground nutrient uptake estimates of Ohlrogge and Kamprath 
(1968) for a 4030 kg/ha soybean grain yield are frequently used 
as a reference. These estimates are based on a wide range of 
observations and are presented in Table 2 along with similar 
estimates for com made by Barber and Olson (1968). If the yield 
of corn is adjusted downward to become equivalent to the soybean 
yield based on Howell's energy basis, then the two crops took 
up nearly equivalent amounts of P but com absorbed considerably 
more K. Ohlrogge and Kamprath (1968) estimated total above 
ground dry matter yield of soybeans to be 7280 kg/ha. 
Henderson and Kamprath (1970) studied soybean uptake of 
nutrients during three growing seasons. During one year in which 
they reported a grain yield of 5376 kg/ha and a dry matter yield 
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Table 2. Accumulation of N, P, and K in aboveground parts of 
soybeans (Ohlrogge and Kamprath, 1968) and corn 
(Barber and Olson, 1968) (kg/ha) 
4030 kg/ha Soybeans 9408 kg/ha Com 8320 kg/ha Com^ 
Grain Straw Total Grain Straw Total Grain Straw Total 
S 220 70 290 115 55 170 102 49 151 
p 22 8.8 30.8 28 7 34 24.8 6.2 31 
K 58 37 95 35 140 175 31 124 155 
Corn yield and nutrient removal adjusted proportionately to 
be equivalent with the soybean yield of 4030 kg/ha. 
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of 12,397 kg/ha. The total above ground uptake of N, P, K, Ca, 
and Mg was 411, 33.8, 169, 55, and 32 kg/ha, respectively. 
Mascarenhas (1973) measured yield, dry matter yield, and 
nutrient uptake by Pelican soybeans in the state of Sao Paulo 
in Brazil. These soybeans had a maximum dry matter yield of 
16,084 kg/ha and grain yield of 2,540 kg/ha. Total above ground 
uptake of N, P, K, Ca, and Mg was 627, 32.5, 272, 154, and 51 
kg/ha, respectively. This suggests that under some conditions 
soybeans can take up larger quantities of nutrients than com. 
D. Nutrient Composition and Yield Relationships 
The idea of using the chemical analyses of a plant or a plant 
part to monitor its nutritional status has received a great deal 
of attention in the last 30 years. Pesek (1968) credits Macey 
(1936) with bringing together and integrating "the concepts of 
the relationship between mineral concentration of an elements in 
a plant and its yield which had been advanced by" earlier inves­
tigators. The relationships between soil fertility levels, chemical 
composition of com leaves, and grain yield have been studied 
extensively (Tyner, 1947; Dumenil, 1961; Melsted, Motto, and 
Peck, 1969; and Voss, Hanway, and Dumenil, 1970). These same rela­
tionships have also been studied in soybeans (Miller, Pesek, and Hanway, 
1961; Miller, Pesek, Hanway, and Dumenil, 1964; Melsted, et al., 1969, 
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deMooy and Pesek, 1970 and 1971). 
Selection of the plant part which most reliably indicates 
the relationship between chemical analyses and grain yield has 
been the objective of several studies. Sampling the whole com 
leaf at the ear node or immediately above or below the node at 
tasseling or silk initiation has been the most common practice 
(Jones and Eck, 1973). In soybeans, selection of the most recently 
matured leaves (petioles removed) at the mid to late bloom stage 
or before bean development has started (Miller et al., 1961 and 
1964) has been the most commonly used sampling practice (Small 
and Ohlrogge, 1973). Jones and Steyn (1973) state that "seeds 
are not normally useful for assessing the nutrient status of 
plants." 
Hanway's (19&2b) «, P, and K uptake curves for com indicate 
that the silking stage is a good time to sample because of the 
rapid accumulation of N, P, and K in the period just prior to 
silking. An analyses of the plant at this stage provides an 
indication of the potential supply of nutrients available for 
later ear formation. Sampling of soybean leaves as suggested 
above would be at an approximate growth stage of 5.5 or 6 as 
shown in Hanway and Weber's (1971c) curves of nutrient accumula­
tion. This would be before the rapid nutrient uptake period 
which occurs when soybean pod and seed development is taking 
place. In the midwest, if corn and soybeans are planted about 
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the same date in May, the suggested leaf sampling time for both 
crops will occur in late July. Leaf samples taken at a later 
growth stage or seed samples might prove to be a better indicator 
of soybean nutritional status. Unpublished data of Young and 
deMooy (Department of Agronomy, Iowa State University) suggest 
that P and K analyses of corn leaf samples may explain more 
variation in soybean yield than soybean leaf samples when the 
two crops are grown side by side and are sampled at the same time. 
The concepts of critical level and sufficiency range of 
nutrients have been variously interpreted in the past- Reviews 
by deMooy, Pesek, and Spaldon (1973) and Munson and Nelson (1973) 
have clarified the background on these concepts. Melsted et al. 
(1969) gave the following critical values: leaf P for soybeans-
0.35%, and for corn-0.25%; leaf K for soybeans-2.2%, and for 
corn-1.90%. Ohio Agricultural Experiment Station (Jones, 1967) 
reported the following sufficiency ranges: leaf P, 0.26 to 0.50% 
for soybeans, and 0.25 to 0.45% for com; leaf K, 1.71 to 2.5% 
for soybeans, and 1.71 to 2.25% for corn. Other critical levels 
and sufficiency ranges are discussed in reviews by deMooy, Pesek, 
and Spaldon (1973), for soybeans, and Jones and Eck (1973) for 
com. 
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III. MATERIALS AND METHODS 
The field research was conducted on the Bruner Farm, an 
Iowa State University experiment farm, located approximately 
three miles west of Ames. Most of the soil on the 3.5 ha site 
was classified as a Nicollet silt loam, with smaller areas of 
Webster and Clarion soils scattered throughout. The site was 
located near a well from which water could be obtained for irrigation 
during periods of dry weather. 
Part of the experimental area had been used for soil fertility 
research on soybeans in 1970 and 1971. The differential levels 
of P and K remaining in the soil from these treatments provided 
an opportunity to study residual effects, as well as to serve 
as a base for the establishment of more widespread levels of 
these nutrients. The remainder of the area had received uniform 
fertility treatment in the past and the soil tested low in both 
available P and exchangeable K. This portion of the area was 
available for study of direct application of fertilizers. 
During the period 1972 through 1974 four experiments were 
conducted on the area to study the relative response of com and 
soybeans to residual and direct fertilization. Some compromises 
had to be made in the experimental designs, number of rates, and 
cropping arrangements in order to fit the experiments to the site 
and to manage the cultural operations. For example, in all of 
the studies it was necessary to plant the com and soybeans 
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in strips across the site rather than randomize them within plots. 
This arrangement resulted in half of each plot being planted to 
com and half to two soybean varieties. Hark and Wayne. Tae 
strips were rotated each year to provide a corn-soybean rotation. 
Details regarding experimental designs, fertility treatments, 
management practices, and response evaluations are discussed in 
the following sections. 
A. Unirrigated and Irrigated P-K Experiments 
Two experiments, called the unirrigated and the irrigated 
P-K experiments, were superimposed over an N-P-K factorial experi­
ment conducted by Odurukwe (1972) in 1970. He had applied N 
rates of 0 and 75 kg/ha, P rates of 0 and 504 kg/ha, and K rates 
of 0 and 672 kg/ha. Individual plots of 15.2 by 27.4 m (50 by 
90 ft) had been replicated four times in a random block design. 
In 1972 the original N treatments were ignored because the 
rate had been low and it was assumed that the com grown on the 
plots in 1971 had removed any residual N. This provided eight 
replications of the original P and K. treatments. These treat­
ments were arranged in the field so that it was possible to divide 
the original experiment into two smaller experiments with four 
replications each. Consequently it was decided to irrigate one 
half in the event of dry weather and to leave the other half 
unirrigated. It was felt this would provide information regarding 
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the response of P and K fertilization under adequate moisture 
levels as compared to conditions resulting from prevailing rainfall. 
In one of the experiments the treatments were randomly located 
but it was possible to form four irregular shaped blocks in a 
random block design. It was known that irrigation water would 
be in short supply in a long dry period so it was decided to leave 
this experiment unirrigated. It was later discovered from soil 
test analysis of samples taken from the portion designated as the 
unirrigated experiment that a mistake had been made in applying 
the original fertility treatments in 1970. For this reason, the 
results from only three replications could be used in the treatment 
means and in the analysis of variance but all the results were 
used in correlation and regression analysis. 
The other experiment had four replications which fitted 
into a uniform block arrangement convenient for irrigation. 
It should be pointed out that irrigation was intended to be used 
as a management technique rather than as a treatment. However 
it was possible to combine these two experiments in a split-plot 
design with irrigation as whole-plots and fertility treatments 
as sub-plots. The comparison of irrigated versus unirrigated was 
not valid statistically but the irrigation x fertility interaction 
could be tested statistically for significance. 
In both experiments the 15.2 by 27.4 m plots were split 
and additional P or K treatment at the rate of 224 kg/ha was 
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randomly applied to one of the halves, providing plots 15.2 by 
13.7 m (50 by 45 ft). This arrangement produced eight treatments: 
0-P 0-K, 0-P 0-K, 504-P 0-K, 728-P 0-K, 0-P 672-K, 0-P 896-K, 
504-P 672-K, 728-P 896-K. This represents a split-plot design 
with P and K treatments in the whole-plots and low (1970 application 
only) and high (1970 plus 1972 applications) rates in the sub-plots. 
For comparison of crops (com vs. soybeans) or soybean varieties 
(Hark vs. Wayne) the crops or varieties were considered as whole-
plots and the fertility treatments as sub-plots and sub-sub-plots. 
Because the crops and varieties were in strips only the fertility 
treatment x crop or variety interactions could be tested statisti­
cally. 
The P and K treatments were broadcast by hand in the spring 
of 1972 and plowed under. No additional fertilizer was added to 
these plots in 1973 or 1974 except a uniform application of 
255 kg/ha of N was applied each spring where com was to be grown. 
B. The N-P-K Experiment 
In the spring of 1972 a new N-P-K experiment was established 
contiguous to the experiments just described. The 1972 rates of 
P and K were 0 and 224 kg/ha. In 1973 maintenance rates of 
28 kg/ha of P and 56 kg/ha of K were applied to the plots which 
had recieved P and K the previous year. The fertilizers were 
broadcast by hand and plowed under in the spring of each year. 
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No additional P or K was applied in 1974. 
The N rates applied for soybeans were 0 and 255 kg/ha and 
for com the N rates were 128 and 255 kg/ha. The 128 kg/ha N 
rate was chosen as the lower rate because this was approximately 
the quantity estimated by Stewart (1966) and Hardy et al. 
(1968) to be fixed sjnnbiotically by a soybean crop. In each 
year of the experiment, the N fertilizers were broadcast and 
plowed under or disked into the soil in the spring prior to 
planting. 
Individual plots were 15.2 by 13.7 m. These plots and 
blocks were aligned with the plots and blocks in the irrigated 
P-K experiment to facilitate irrigation. The experimental 
3 design consisted of a 2 factorial in randomized blocks. For 
comparison of crops or varieties of soybeans, these crop variables 
were considered to be whole-plots and the fertility treatments 
to be sub-plots. As mentioned earlier, only the crop or variety 
X treatment interactions wetc statistically valid tests. 
C. P-K Factorial Experiment 
A fourth experiment called the P-K factorial was started 
in 1973 to try to relate P and K soil test values with crop 
yields and responses. It was adjacent to the previous three 
experiments. This fourth experiment was originally laid out 
2 
by Odurukwe (1972) in 1971 and consisted of a 3 factorial 
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design with P rates as whole plots and K rates as sub-plots. 
The original P rates were 0, 56, and 224 kg/ha while the K 
rates were 0, 112, and 672 kg/ha. The P rates were not properly 
randomized thus preventing a statistically valid test of the P 
effects. 
In 1973 the fertility rates were adjusted to try to obtain 
soil test values of low, medium, and high to very high based 
on Iowa State University's soil test categories. Based on the 
analyses of soil samples, P rates of 0, 67, and 134 kg/ha and 
K rates of 0, 56, and 224 kg/ha were broadcast and plowed under 
in the spring of 1973. Soil tests taken in the fall of 1973 
indicated that the desired soil test categories had been approx­
imately reached. No additional P or K was applied in 1974. 
The section of the plots to be planted in com received uniform 
applications of 225 kg/ha of N each spring. The size of individual 
plots was 18.8 by 8.5 m (60 by 36 ft.). As in the previous 
experiments, the design when comparing crops or varieties 
was considered to be a split-split plot with crops or varieties 
as whole-plots, P rates as sub-plots and K rates as sub-sub­
plots. Only the fertility x crop interactions were statistically 
valid. 
In all four experiments and in the original experiments 
by Odurukwe, the source of P was concentrated superphosphate 
and the K source was potassium chloride. The source of N was 
ammonium nitrate. 
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D. Crop Management Factors 
In order to obtain as high yields as possible special atten­
tion was devoted to management of the crops. In general the 
findings of Buhr (1971) were used as guidelines for soybean 
management. 
The commercial soybean varieties of Hark and Wayne were 
used in all the experiments because both had shown high yield 
potential in Buhr's work and they represented large differences 
in growth habit and maturity date. Hark has smaller more erect 
leaflets which gives a crop canopy that is more open to light 
penetration. Wayne is later maturing and has large flat leaf­
lets and a close canopy. These two varieties were planted in 
strips so that both varieties occurred in each fertility plot. 
In 1974 a third commercial variety, SRF-350, was added to the 
P-K factorial experiment. This variety is later maturing than 
Wayne but has long narrow leaflets and a more open crop canopy 
than Wayne. 
It would have been desirable to have planted the crops 
the last week of April or the first week of May, but actual 
planting dates were May 11, May 24, and April 27 in 1972, 1973, 
and 1974, respectively (Table 3). In the first two years of the 
study planting was delayed because of wet spring conditions and 
the necessity for spring plowing. The objective of an early 
planting date was met only in 1974. 
Table 3. Sunmary of field operations performed during the three years of study 
• Irrigation Dates 
Land Height Leaf 
Year Prep. Date Amount Crop Variety Planting Measure Sampling 
1972 Spring 
1973 
1974 
plowed 7 - 13 5 cm Soybeans Hark 5 - 11 7 - 11 7 - 24 
Wayne 5 - 11 7 - 12 7 - 25 
Com Pioneer 5 - 10 - 7 - 26 
3369A 
Spring 
plowed 7 - 13 2.5 cm Soybeans Hark 5 - 24 7 - 25 7 - 30 
& 14 Wayne 5 - 24 7 - 26 8 - 1 
Com Pioneer 5 - 23 - 7 - 31 
113IX 
Fall 
plowed 7 - 12 2.5 cm Soybeans Hark 4 - 27 7 - 23 7 - 26 
& 13 Wayne 4 - 27 7 - 23, 24 7 - 30 
SRF-350® 4 - 27 7 - 24 7 - 30 
7 - 18 Corn Pioneer 4 - 26 - 7 - 29 
& 20 3369A 
^SRF-350 soybeans were planted on the P-K factorial experiment only. 
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Use of narrow row spacing is another management practice 
recommended for high soybean yields. "Narrow" is usually meant 
to be as narrow as mechanically possible. In this experiment 
the soybeans were planted in 31 cm (12 inch) row spacings, making 
each variety strip 3.8 m (12 feet) wide. In 1972 the soybeans 
were planted with a conventional com planter. However, it was 
necessary to offset the planter units and drive over the plots 
twice to get a 31 cm row spacing. This resulted in excessive 
compaction of the soil. A grain drill with 31 cm spacing was 
used to plant the soybeans in 1973 and 1974. The grain drill 
did not give as uniform plant distribution as the conventional 
planter. 
As discussed in the Review of Literature, a medium plant 
population is the most desirable for high soybean yields. The 
plant population in this experiment ranged from about 350,000 
to 400,000 plants/ha. The population depended on the year, the 
variety, and the physical condition of the soil which varied 
in different parts of the site. The observed variation in plant 
population was not considered excessive. 
Plans were to sprinkle irrigate all plots if needed, except 
those in the unirrigated P-K experiment. The decision as to the 
time to irrigate was based on the appearance of the crop and 
moisture status of the soil- Preparations to irrigate were 
made when severe wilting occurred in the heat of the day and if 
tensiometers placed at 15 cm in the soil had broken tension. 
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The dates and amounts of irrigation are shown in Table 3. 
Crops were irrigated once in 1972, but a 5 cm rain occurred the 
following day and moisture stress was not observed during the 
remainder of the season. Some moisture stress was evident in 
1973 and one irrigation was necessary before rain fall became 
adequate. The 1974 season was very hot and dry during July and 
two irrigations were necessary. 
The com crop was also managed to obtain high yields. 
Pioneer 3369A, a full season single-cross com hybrid, was used 
in 1972 and 1974. Due to the late planting date, a shorter 
season variety. Pioneer 1131X, was used in 1973. The com row 
spacing was 76 cm (30 inches) and a plant population at harvest 
of 52,000 to 62,000 plants/ha was obtained. The com strips 
in each fertility plot were 10 rows wide. Weed control in the 
com and soybeans was accomplished with commercial herbicides, 
cultivation, and hand weeding. 
£. Weather Conditions 
Weather conditions during the three years of the experiment 
were generally favorable for high yields although not the best 
possible. The rainfall situation has already been discussed. 
In 1972 a severe wind, rain, and hail storm on July 14 caused 
some leaf damage and severe lodging of the soybeans. The com 
crop also suffered a great deal of leaf damage and some stalk 
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lodging and breakage. 
In 1973 the wet spring weather delayed planting until May 
24. A wind and rain storm on July 29 caused a great deal of 
lodging in the soybeans but did not damage the com. The first 
killing frost did not occur until late in October so the crops 
had sufficient time to mature even though planting had been 
delayed. 
The early planting date in 1974 was followed by an unusually 
wet and cold May. As a result there was little plant growth 
during that month. Heavy rains caused some erosion and standing 
water which reduced the stand of com and soybeans on some 
plots. At harvest time some difficulty was encountered in 
finding areas with uniform stands for harvesting. An early 
freeze on September 22 killed the SRF-350 soybeans and the com 
before grain development was complete and reduced the yield of 
both. 
F. Field Measurements 
Plant height measurements were taken in the soybeans at 
the date shown in Table 3. Three plants were measured in each 
variety in each fertility plot. Care was taken to select plants 
of average height for measurement. Measurements were taken 
in cm from the surface of the soil to the upper most node of the 
plant. The heights of the three plants in each plot were averaged 
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and recorded. 
In 1974 the number of nodes per plant was counted in the 
P-K factorial experiment. Height measurements were recorded, 
and the number of nodes were counted from the unifoliate node 
to the topmost node for five average plants per plot. 
Leaf samples were collected from the soybeans and com 
on the dates shown in Table 3. Soybean leaf samples were taken 
at approximately the end of bloom stage when there were still 
blossoms at the upper nodes and partially filled pods were 
present at the lower nodes. This stage was first reached in the 
Hark soybeans. The Wayne and SRF-350 varieties were several 
days later in maturity than Hark but were sampled one to four 
days after Hark. This procedure represented a compromise between 
sampling at the same point in time and sampling at the same 
stage of development. 
Com leaf samples were taken at about the same time as the 
soybean leaf samples (Table 3). The com plants generally were 
75% silked at the time of sampling although some check plots 
and high K no P treatements were just beginning to silk. The 
com leaf samples were collected by removing the first leaf 
opposite and below the ear from 16 plants in each plot. 
The com and soybean leaf samples were dried in forced air 
driers at 60° to 70° C, ground to a fine powder in a steel mill 
and stored in glass bottles. 
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Whole plant samples were taken from both crops in each plot 
of the P-K factorial experiment in 1973 and 1974 to estimate 
total dry matter production. The soybeans were sampled at approx­
imately the time they reached growth stage 9, according to the 
classification of Kalton,. Weber, and Eldredge (1947). This 
stage would be the point of maximum dry matter accumulation, or 
just before the leaves start to fall. This point was reached 
at different times by the different soybean varieties. In 1973 
the whole plant samples of Hark were taken on September 6 and 
the Wayne variety was sampled on Sptember 20. In 1974 the Hark 
samples were taken on September 4, the Wayne on September 17, 
and the SRF-350 on September 23 (the day after the killing 
frost). 
The whole plant samples of soybeans were taken from a 4.9 m 
(16 ft) section of row. The plants were cut at the surface of 
the soil, counted, placed in burlap bags, dried in forced air 
driers at 60° to 70° C and weighed. After drying, the plants 
were ground in a hammer mill and subsampled for finer grinding. 
The latter samples were stored in glass bottles for later analysis. 
The com whole plant samples were taken when the black 
layer had developed in the grain in 1973, indicating the end of 
dry matter accumulation in the grain, and after the killing 
frost in 1974. The dates of sampling were October 2 and 4 
in 1973 and September 24 and 25 in 1974. A 5.3 m (17.5 ft) 
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section of com row with a uniform-stand was sampled. The com 
plants were cut at the surface of the soil, counted, and green 
weight determined. After weighing, the sample was spread out 
and five average plants were selected as a moisture sample. 
The moisture samples were placed in burlap bags, weighed and 
dried. After drying, the samples were weighed and ground in 
the hammer mill. After grinding, the com samples were handled 
in the same manner as the soybean whole plant samples described 
above. 
Lodging scores were taken in the soybean plots when the 
plants reached harvest maturity. The lodging score is a visual 
rating on a scale of 1 to 5 with intervals of 0.2. A rating 
of 1 is given when all the plants are erect and a rating of 5 
'when all the plants are prostrate. 
Soybean yield samples were taken from the center rows of 
each variety in each fertility plot. The harvest area was two 
soybean rows 10.7 m (35 ft) long or an equivalent area (6.61 
2 2 
m or 70 ft ). The whole plants were cut and threshed in a 
plot-threshing machine. The seed was cleaned and dried to a 
constant moisture percentage and converted to kg/ha at 13% 
moisture. 
Corn yield samples in the P-K factorial experiment were 
taken from 7.6 m (25 ft) of each of the center three rows. This 
2 2 
was a harvest area of 17.4 m (187.5 ft ). In the other 
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experiments, the com yield sample was taken from 10.7 m (35 ft) 
2 2 
of the two center rows, or a harvest area of 16.2 m (175 ft ). 
The com ears from the harvest area were picked and counted. 
The stalks in the harvest area were also counted. The ear com 
was weighed and a moisture sample taken. The moisture sample 
was shelled, weighed, dried, and reweighed. Using the cal­
culated percentage of moisture, ear com weight was converted 
to shelled com in kg/ha at 15.5% moisture. 
Grain samples of both crops were saved for chemical analysis. 
These grain samples were cleaned, ground, and stored in glass 
bottles in the same manner as the leaf and whole plant samples. 
The com plants in some of the plots in 1974 showed visual 
K deficiency symptoms on the leaves. In an effort to quantify 
this occurrence, each com plot was given a visual rating, using 
a scale of 0 to 3. A rating of zero (0) indicated no K deficiency 
symptoms on the leaves, while 3 indicated symptoms on a high 
percentage of plants. 
Soil samples were taken from the fertility plots several 
times during the study. Sampling dates are shown in Table 4. 
The samples usually consisted of 12 cores per plot taken to a 
depth of 15 cm. Cores from the corn and soybean portions of 
each plot were composited except for the fall of 1973 sampling 
in the P-K factorial experiment. The soil samples were analyzed 
for soil pH, and available P and K in the Iowa State University 
Table 4. Dates when the various experiments were soil sampled 
Experiment Dates Sampled 
P-K unlrrlgated Apr. 17, 1972 July 27, 1973 Oct. 26, 1973 
P-K Irrigated Apr. 17, 1972 July 27, 1973 Oct. 26, 1973 
N-P-K factorial Apr. 18. 1972 Apr. 17, 1973 Oct. 26, 1973 
P-K factorial - Apr. 20, 1973 Oct. 26, 1973 
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Soil Testing Laboratory. The procedures used are described 
by Eik (1973). The P and K analyses are expressed on a parts 
per two million (pp2m) basis. 
G. Chemical Analysis of Plant Material 
The leaf, grain, and whole plant samples were analyzed for 
total N, P, and K, following the procedures of Hanway and 
Weber (1971b). A 0.5 gm sample of dried plant material was 
digested in 10 ml of concentrated with Cu added as a 
catalyst. After digestion the sample was brought to a total 
volume of 100 ml with distilled delonized water. Nitrogen was 
determined on an aliquot of the digest by a micro-Kjeldahl steam 
distillation of NH^. The NH^ was distilled into boric acid and 
titrated with H^SO^. Phosphorus •was determined coiorimetrically 
using a vanadomolybdate method. The K content was measured in a 
flame photometer, using Li as an internal standard. All plant 
analyses are expressed as the percent of the element measured 
in oven dry plant material. 
Part of the leaf material collected in 1972 was analysed 
for Ca, Mg, Zn, Cu, and Mn. The digestion method used was a 
modification of Jackson's (1958) wet oxidation of plant tissue. 
A 0.5 gm sample of dried plant material was digested with 
5 ml of concentrated until all the oxides of N had escaped. 
The mixture was then cooled, 1 ml of concentrated HCIO^ was 
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added, and further digestion continued until white fumes of 
HCIO^ were evolved and the acid had largely volatilized. After 
cooling the digest was made to volume and proper dilutions of 
aliquots from the digest were used for the various analyses. 
The concentration of all five elements was measured with an 
atomic absorption spectrophotometer. Concentrations of Ca and 
Mg were expressed on a percentage basis while the other three 
elements were expressed in parts per million (ppm). 
Sanq)les of the whole plants collected from the com and 
Hark soybeans in the P-K factorial experiment were analyzed by 
the Ohio Plant Analysis Laboratory, Ohio Agriculture Research 
and Development Center, Wooster, Ohio. This laboratory uses 
a direct reading emission spectrograph to determine the con­
centration of elements. Analyses for Ca, Mg, Si, Mn, Fe, B, 
Cu, Zn, Al, Sr, Ba, and Mo were obtained. Concentrations of 
Ca, Mg, and Si were expressed on a percentage basis while con­
centration of the other elements was in ppm. 
Due to the large number of plant samples collected it was 
not possible to run chemical analyses on all of the samples. 
Table 5 presents a summary of the analyses performed. 
Table 5. The experiment, year, crop, variety, and plant material on which different chemical 
analyses were performed 
Anal­
yses 
Plant 
part 
P-K unirrigated P-K irrigated N-P-K P-K factorial* 
Hark Wayne Corn Hark Wayne Com -Hark Wayne Com Har1c Wayne SRF-350 Com 
-1972-
NPK Leaves X X X X X X X X X 
NPK Grain X X X X X X X X X 
Ca Leaves X X X X X X 
-1973-
NPK Leaves X X X X X X X 
NPK Grain X X X X X X 
NPK Whole X X X 
Spec^ Whole X X 
-1974-
NPK Leaves X X X X X X X X X X X 
NPK Grain X X X X 
NPK Whole X X X X 
Spec^ Whole X X 
^The P-K factorial was not started until 1973 and the SRF-350 soybeans were grown in 1974 only. 
^Ca, Mg, Zn, Cu, and Mn analysis 
'^Spectrographic analysis for Ca, Mg, Si, Mn, Fe, B, Cu, Zn, Al, Sr, Ba, and Mo. 
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H. Calculations and Statistical Analysis 
A number of new variables were created by mathematical 
conversions of variables measured in the field or laboratory. 
For example, the uptake of P in the plant on a kg/ha basis was 
obtained by multiplying the dry matter yield by the percent 
P in the plant. The formation of other new variables will be 
discussed where appropriate In the Results and Discussion. 
Statistical analysis followed the procedures outlined in 
Steel and Torrie (1960). Most of the statistical computations 
were performed at the Iowa State University Computer Center, 
using standard statistical programs supplied by the Statistical 
and Numerical Analysis Laboratory at Iowa State. The following 
symbols and terms will be used to indicate various levels of 
statistical significance: ++ Indicates significance at the 
10% level of probability; * or significant indicates significance 
at the 5% level of probability; and ** or highly significant 
indicates significance at the 1% level of probability. 
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IV. RESULTS AND DISCUSSION 
A. Unirrigated and Irrigated P-K Experiments 
Similar fertility treatments were used in these two ex­
periments, both of which were superimposed on an old fertility 
experiment conducted by Odurukwe (1972) in 1970. Since deMooy 
(1965) and deMooy and Pesek (1966, 1969, 1970, and 1971) found 
that soybeans continued to respond to very high rates of P and 
K, Odurukwe (1972) applied a P rate of 504 kg/ha and a K rate 
of 672 kg/ha to measure the differential response of 10 soybean 
varieties or lines. He obtained yield responses to K ranging 
from 9% to 32% and averaging about 17%. There was no positive 
response to P, in fact, some soybean lines showed a negative 
response. Odurukwe was uncertain as to whether the high P 
application exerted a toxic effect on soybean growth or whether 
it might have reduced the availability of some other essential 
element. 
The com crop grown on the experimental area in 1971 re­
ceived no additional fertilizer. In 1972 the old plots were 
split and additional P or/and K was applied at the rate of 
224 kg/ha to one-half of each plot as shown in Table 6. The 
other half of each plot reflected the residual levels from the 
1970 treatement. This treatement arrangement will be called 
the high and low application rates or the high and low fertility 
Table 6. Fertilizer rates and soil test results in the unirrigated P-K experiment (means 
of three replications) 
Treatments e — I. I I • I 
Check Check Low P High P Low K High K Low P + K High F + K 
1970 fertilization (kg/ha)* P 0 504 0 504 
K 0 0 672 672 
Soil test Apr. 1972 pp2m P 15 144 13 160 
pp2m K 97 116 282 253 
pH 1 6.6 6.4 6.6 6.5 
1972 fertilization (kg/ha)^ P 0 0 0 224 0 0 0 224 
K 0 0 0 0 0 224 0 224 
Total fertilization (kg/ha) P 0 0 504 728 0 0 504 728 
K 0 0 0 0 672 896 672 896 
Soil test July 1973 pp2m P 13 12 154 222 13 12 143 207 
pp2m K 96 94 100 97 179 241 167 248 
pH 6.2 6.1 5.9 5.9 6.2 6.2 6.1 6.0 
Soil test Oct. 1973 pp2m P 10 9 155 237 11 9 181 214 
pp2m K 84 80 105 96 168 230 182 249 
pH 6.4 6.4 6.2 6.1 6.5 6.5 6.4 6.3 
^In 1970 the fertilizer treatments were applied to 15.2 by 27.A m plots. 
^In 1972 the large plots were split in half to form plots 15.2 by 13.7 m. An additional P and/or 
K treatment was then applied to one of the halves. 
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levels. However, the low rate still represents a very large 
fertilizer application. It was hoped that this additional 
fertilizer application would give some direction to the response 
curves at the high levels of fertility involved. No additional 
P or K treatments were applied to these plots in 1973 and 1974. 
The results from the unirrigated and irrigated experiments 
will be discussed individually before attempting to combine or 
compare the data from the two. 
1. Unirrigated P-K experiment 
Soil test analyses from samples taken in April of 1972 
indicated that errors had been made on two of the plots in 
the 1970 fertilizer applications. The 1972 applications had 
been made before these errors were discovered. Because of the 
errors, the fertility levels in four of the eight treatments in 
one replication were too high or too low. Treatment means were 
therefore computed on the basis of three replications. The 
fourth replication was used, with the appropriate changes in 
fertility treatments," for correlation and multiple regression 
studies. 
a. Soil test analyses Soil test data for the inital 
sampling in the spring of 1972 and later samplings in the summer 
and fall of 1973 are shown in Table 6. The 1972 data show 
that the untreated plots initially tested very low in P and low 
in K according to the Iowa State University soil test classi­
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fications (Vossj 1973) shown in Table 7. Yield response to 
application of a fertilizer nutrient is usually expected when 
the soil test is in the very low or low classification. Odurukwe's 
1970 fertilizer applications raised the 1972 soil test into the 
very high and high classification for P and K, respectively. 
Economic yield responses to added fertility are not expected 
when a soil tests very high, as in the case with P, and some 
detrimental effects are possible with a soil test of 144 to 160 
pp2m of P. The high soil test indicates that a small response 
to additional K fertilization may be expected but it is not a 
certainty. 
The effects of the 1972 P and K applications on the 1973 
soil tests are shown in Table 6. The soil P level was increased 
about: 50 to 60 pp2m by the addition of 224 kg/ha of P. The 
additional K application only maintained the soil K level present 
in 1972 while the unfertilized half of the K treated plots dropped 
into the medium soil test classification. Large amounts of K 
were in the com and soybean plants when the 1973 soil samples 
were taken. The portion of this K present in the vegetative 
part of the plants would be readily available for the next crop. 
The check plots and the plots receiving no P treatment were in 
the very low soil P class in 1973. The zero K treatments decreased 
a few pp2m but remained in the low soil K classification. In 
terms of soil test classification, the level of the P fertility 
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Table 7. Interpretation of soil test values for surface soil 
samples used by the Soil Testing Laboratory, Iowa State 
University, (Voss, 1973). 
Soil test classification Soil test ranges expressed in pp2m 
P K 
Very low (VL) Less than 15 Less than 70 
Low (L) 16-25 71-125 
Low-medium (L-M) 26-35 126-150 
Medium (M) 36-45 151-200 
High (H) 46-75 201-300 
Very high (VH) 75 300 
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was much higher than the level of the K fertility. Fertilizer 
treatment had no apparent effect on soil pH, The pH ranged 
from 5.9 to 6.6, with the spread appearing to be due to normal 
sampling and seasonal variations. 
h. 1972 data The treatment means for each of the 
variables measured in 1972 in the unirrigated P-K experiment 
are presented in Table 8. These treatment means for grain yield 
indicate some positive and perhaps some negative responses to 
the fertility treatments. Soybean yields ranged from 2,573 
to 3,385 kg/ha and averaged a little over 2,900 kg/ha (43 bu/A). 
Com yields ranged up to 9,550 kg/ha (152 bu/A). 
An analysis of variance (AOV) of the 1972 yield data 
for the two soybean varieties and com are shown in Table 9. 
Hark soybeans showed a 232 kg/ha response to the main effects 
of P fertilization (significant at the 10% level). The P x 
application interaction was also significant at the 10% level. 
This interaction was due to the fact that Hark showed a 431 
kg/ha response to the low application of P but only a 35 kg/ha 
response to the high application. The K response for Hark was 
not significant. The Wayne soybeans did not respond signifi­
cantly to P or K as measured by main effects, but a K x application 
interaction was significant at the 10% level. The response to 
the lower K application was 420 kg/ha while the high application 
rate gave a -97 kg/ha response. The K main effect on corn yields 
Table 8. 1972 unirrlgated P-K experiment treatment means for Hark (H) and Wayne (W) soybeans 
and for com (C) variables. 
kg/ha fertilizer applied in 1970 and 1972 (total) 
Variable 
P 0 
Crop K 0 
Yield (kg/ha) H 
W 
Height (cm) 
Lodging 
Barren^ 
Barren 
Leaf N % 
Leaf P % 
C S E  
H 
W 
H 
W 
c 
c 
H 
w 
c 
H 
w 
c 
2742 
2948 
8136 
3941 
44 
47 
1.4 
2 . 1  
7996 
13.0 
5.93 
5.84 
2.77 
.422 
.407 
.248 
0 504 728 0 0 504 728 
0 0 0 672 896 672 896 Mean 
2853 . 2962 2891 2745 2948 3385 2982 2939 
2921 2573 2880 3124 2762 3234 2843 2910 
7903 7514 6256 9942 9045 9553 8885 8404 
3828 3640 3031 4816 4381 4628 4304 4071 
45 48 46 .. 44 51 55 50 48 
47 55 53 52 54 54 54 52 
1.6 2.1 2.0 1.5 1.6 2.1 1.8 1.8 
2.5 3.4 2.8 2.4 2.9 3.5 3.7 2.9 
10866 9841 14556 6151 6151 5535 7996 8637 
17.6 16.3 24.8 10.0 10.1 9.3 13.3 14.3 
6.23 6.22 6.26 5.78 5.94 5.99 5.97 6.04 
6.09 5.96 6.02 5.96 5.88 5.97 5.75 5.93 
2.80 3.01 2.91 2.90 2.90 2.73 2.78 2.85 
.416 .503 .619 .401 .426 .518 .542 .481 
.444 .530 .584 .446 .464 .551 .542 .496 
.245 .381 .432 .257 .227 .316 .405 .314 
w 
VD 
*Corn yield converted to soybean equivalent. 
^Barren plants/ha. 
^Barren plants on a percentage basis. 
Table 8 (con't.). 
Variable 
P 
Crop K 
0 
0 
kg/ha fertilizer applied in 1970 and 1972 (total) 
504 728 0 0 504 728 
0 0 672 896 672 896 
0 
0 
Leaf K % H 1.78 1.68 1.57 1.77 2.33 2.41 
W 1.78 1.75 1.73 1.71 2.65 2.52 
c 1.00 1.01 1.00 0.92 1.70 1.73 
Grain N % u 6.77 6.84 6.66 6.72 6.66 6.68 
w 6.62 6.72 6.81 6.77 6.64 6.58 
c 1.15 1.13 1.26 1.21 1.23 1.29 
Grain P % H .588 .574 .713 .768 .571 .573 
W .512 .511 .637 .647 .563 .563 
c .219 .217 .265 .289 .226 .237 
Grain K % H 1.95 1.91 1.99 2.02 2.03 2.01 
W 1.73 1.72 1.82 1.84 1.94 1.94 
c .304 .295 .299 .318 .293 .296 
2.23 
2.67 
1.32 
6 . 6 2  
6.57 
1.32 
.750 
.649 
.288 
2.15 
2.01 
.313 
2.36 
2.58 
1.63 
6 . 6 2  
6.64 
1.38 
.781 
. 686 
.321 
2.19 
2.06 
.330 
Mean 
2 .02  
2.17 
1.29 
6.70 
6.67 
1.25 
.667 
.596 
.258 
2.03 
1.89 
.306 
Table 9. Analysis of variance of soybean grain yields, height measurements, and lodging scores 
and corn yield in the unirrigated P-K experiment, 1972-1974. 
Mean Squares 
Grain Yield Plant Height Lodging 
Source d. f. Hark Wayne Com Hark Wayne Hark Wayne 
-1972-
Block 2 70,031 401,675++ 2,813,915 12,661 68.095* 0.472 0.770 
K 1 139,842 155,204 21,749,330** 101,270** 48,735++ 0.015 1.215 
P 1 326,667++ 18,928 2,975,808 80.301** 103,335* 1.402++ 4.682* 
KP 1 65,104 138,624 1,108,976 9,251 47.602++ 0.027 0.042 
Error (a) 77,139 97,753 855,109 4.571 10.658 0.264 0.475 
A (application) 1 9,600 84,017 3,502,963* 0.510 0.327 0.0 0.060 
KA 1 21,720 400,934++ 2,072 2.870 2,940 0.042 0.240 
PA 1 233,248++ 34,808 237,009 81,771** 7,260 0.202 0.667* 
KPA 1 67,416 49,322 589,381 23.404++ 0.107 0.007 0.240 
Error (b) 8 32,085 94,953 430,504 5,889 7,735 0.109 0.075 
Total 23 
CV % (b) 6.1 10.6 7.8 4.9 5.4 18.3 9.5 
-1973-
Block 2 20,906 236,143 382,454 39.672 48,006 0.552 1.355 
K 1 16 111,521 3,153,002* 60,802 177,671* 3.375++ 3.082++ 
P I 389,352++ 523,087* 10,203,840** 40.041 248,972* 5,415* 12,615** 
KP 1 111,248 1,473 636,678 13,802 12,761 0.015 0.482 
"Error (a) 6 74,758 204,854 446,642 30.035 26,121 0.732 0.766 
** 
Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 9 (con't.). 
Mean Squares 
Grain Yield Plant Height Lodging 
Source d.f Hark Wayne Com Hark Wayne Hark Wayne 
-1973-
A (application) 1 12,969 228,930 218,689 25.216 4.250 .0017 .0817 
KA 1 104,280 2,774 720,024 12.615 .184 .0817 .1350 
PA 1 1,634 171 568,260 2.802 9.754 .0417 .1350 
KPA 1 566,725** 60 587,502 1.402 0.920 .0417 .0017 
Error (b) 8 40,212 168,409 600,158 10.943 14.549 .0867 .0633 
Total 23 
CV % (b) 6.4 15.7 8.7 4.9 5.6 10.9 7.4 
-1974-
Block 2 1,041,634* 831,779** 1 ,945,842 87.161++ 148.422** .0016 .0067 
K 1 1,090,987* 18,371 37 ,717,810** 47.601 5.607 .6666* .0067 
P 1 6,240 176,473++ 11 ,104,360++ 90.482++ 168,540** 2.1600** 7.2599** 
KP 1 169,176 119,568 4 ,435,020 0.042 4.860 0.54* 0.0067 
Error (a) 129,818 38,473 2 ,624,244 20.554 9.511 0.0506 0.2044 
A (application) 1 31,176 8,817 71,613 6.615 3.227 0.1067 0.0067 
KA 1 25,026 15,000 86,040 7.042 3.840 0.0067 0.0067 
PA 1 15,435 336,539++ 132,759 71.415* 42.667* 0.1667 0.1666++ 
KPA 1 31,031 9,362 787,350 10.935 6,327 0.0136 0.0599 
Error (b) 8 96,403 46,366 734,276 8.937 6.695 0.1150 0.0350 
Total 23 
CV % (b) 10.1 8.1 13.1 5.1 4.4 22.6 8.5 
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was highly significant response of 1904 kg/ha, while the main effect 
of P, though nonsignificant, was -704 kg/ha. The application rate 
was statistically significant due to the reduction in yield by 
the higher application of both P and K as can be seen in the 
com yield treatment means (Table 8). The additional P and 
K applied in 1972, or the higher fertility level, reduced both 
com and soybean yields compared to the lower fertility level-
This indicates that the higher fertility level and perhaps even 
the lower one were past the point of maximum fertility response 
and are thus on the negative portion of the response curve. 
Height measurements were taken in early July of 1972 to 
evaluate the effect of fertility treatments on early-season 
growth of the soybean plants. AOV's for these measurements 
are presented in Table 9. Hark soybeans showed highly signifi­
cant height increases of 4 cm to both the P and K main effects. 
The highly significant P x application interaction is due to 
an 8 cm height increase from the lower P fertility treatment and 
no additional increase from the high P fertility level. The 
K X P X application interaction is due to the fact that a 
K X P interaction occurred at the lower fertility level but not 
at the higher level. A 6 cm height response occurred with the 
high K level but no response was observed from the low K level. 
In view of these interactions the main effects mean little. 
The Wayne soybeans showed main effect responses to K and P 
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of 3 and 4 cm, significant at the 10% and 5% levels, respectively. 
A K X P interaction of -3.5 cm was also significant at the 
10% level. This interaction was due to the fact that height 
did not increase as much from P fertilization with K as it did 
without K fertilization. The height of Wayne plants did not 
differ for the low and high application. The higher fertility 
level may have had some negative effects on the growth of soy­
beans, especially Hark, as measured by plant height, but it was 
less evident than it was for grain yield. 
The AOV for Hark and Wayne lodging scores presented in 
Table 7 shows that the main effect of P fertilization was signifi­
cant at the 10% and 5% levels of probability, respectively. 
The Hark lodging score increased from 1.5 to 2 and the Wayne 
score from 2.5 to 3.4 as a result of P treatments- The lodging 
score for Wayne also showed a significant P x application inter­
action, which was caused by more lodging at the lower P level 
than at the higher P level. 
Statistical analyses for the chemical composition data 
and the other variables measured in 1972 are summarized in 
Table 10. Only the sources of variation which had significant 
effects are shown. Generally, only the P and/or K main effect 
were significant. Table 11 lists the variables, shows the 
main effect responses to P and K, and gives their significance. 
Phosphorus fertilization greatly increased the P concentration 
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Table 10. Analyses of variance data for the number of barren com 
plants and for soybean and com leaf and grain chemical 
analyses in the unirrigated P-K leaf experiment, 1972-1974. 
Variables Crop Significant terms in AOV CV % (b) 
Barren plants 
Leaf N % 
Leaf P % 
Leaf K % 
Grain N % 
Grain P % 
Grain K % 
Barren plants 
Leaf N % 
Leaf P % 
Leaf K % 
Com 
Hark 
Wayne 
Com 
Hark 
Wayne 
Com 
Hark 
Wayne 
Com 
Hark 
Wayne 
Com 
Hark 
Wayne 
Com 
Hark 
Wayne 
Com 
Com 
Com 
Com 
Com 
1972 
Block++, K*. 
Block*, K**, P* 
KA-H-
n.s. 
P**, A-H-
p** 
P**, PA* 
K**, P-H-
K** 
K**, P* 
K* 
K* 
K*, P*, KA** 
Block*, P* 
P* 
Block*, P**, A**, PA* 
K**, P**, KP-H-
Block++, K**, P** 
Block-H-, P*, A++, PA* 
1973 
K++ 
n *  S  •  
Block*, P**, A**, PA** 
K**, KA** 
^erms in AOV: A = application rate. 
[ I 
Significant at the 10% level of probability. 
* Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
46.1 
2 . 6  
2.7 
5.3 
8 .8  
6 . 6  
11.9 
3.4 
5.1 
13.9 
1 .1  
2 .0  
2.3 
4.1 
3.7 
3.6 
2.3 
2 .1  
1.3 
2.5 
7.2 
5.5 
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Table 10 (con't.)» 
Variables Crop Significant terms^ in AOV CV % (b) 
1974 
Barren plants Com K++ 50.9 
Leaf N % Hark n.s. 7.2 
Com Block**, P*, KP* 5.2 
Leaf P % Hark n.s. 11.4 
Com P* 13.1 
Leaf K % Hark K**, P-H- 4.8 
Com Block*, K**, P*, KA* 9.7 
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Table 11. Main effects of P and K fertilization on variables measured 
in the unirrigated P-K experiment, 1972-1974. 
Variables Crop 0-K 
Response 
to K 0-P 
Response 
to P 
1972 
Yield (kg/ha) H 2,862 153 2,822 232* 
W 2,830 161 2,939 -56 
C 7,542 1,904** 8,756 -704 
CSE* 3,653 922** 4,241 -341 
Height (cm) H 46 4** 46 4** 
W 51 3-H- 50 4* 
Lodging H 1.8 -.1 1.5 .5* 
W 2.7 .4 2.5 .9* 
Barren plants/ha c 10,814 -4,357* 7,791 1,691 
Leaf N % H 6.16 -.24** 5.97 .14* 
W 5.98 -.09 5.94 -.02 
c 2.87 -.05 2.84 .02 
Leaf P % H .490 -.018 .416 .130** 
W .491 .009 .440 .112** 
c .327 -.026 .244 .139** 
Leaf K % H 1.70 .64** 2.05 -.07* 
W 1.74 .86** 2.17 .00 
c .98 .62** 1.36 -.14* 
Grain N % H 6.75 -.11* 6.74 — .08 
W 6.73 -.12* 6.64 .06 
C 1.19 • 12 1.20 .09* 
Grain P % H .665 .003 .577 .180* 
W .577 .038 .537 .118* 
c .248 .020 .225 .066* 
^Com yield converted to soybean equivalent. 
^^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 11 (con't.)> 
Variables Crop 0-K 
Response 
to K 0-P 
Response 
to P 
Grain K % H 1.97 .12** 1.98 .11** 
W 1.79 .20** 1.84 .10** 
C .304 .004 .297 .018* 
1973 
Yield (kg/ha) H 3,152 -1 3,022 25&H-
W 2,550 136 2,870 -504* 
C _ 8,545 724* 8,255 1,304** 
CSE 4,139 351* 3,999 632** 
Height (cm) H 67 3 67 2 
W 65 6* 65 6* 
Lodging H 2.4 . 7++ 2.3 .9* 
W 3.1 .&f+ 2.7 1.5** 
Barren plants/ha C 1,794 871++ 1,999 461 
Leaf N % C 3.29 .05 3.29 .05 
Leaf P % c .360 -.012 .260 .189** 
Leaf K % c 1.20 .90** 1.65 .00 
1974 
Yield (kg/ha) H 2,851 427* 3,049 32 
W 2,638 56 2,580 172++ 
C 5,298 2,508** 5,872 1,360++ 
CSE^ 2,566 1,215** 2,823 6594+ 
Height (cm) H 57 3 57 4++ 
W 59 1 56 6** 
Lodging H 1.3 .4* 1.2 .7** 
W 2.2 .0 1.6 1.1** 
Barren plants/ha C 8,713 -5,381-H- 7,586 -3,095 
Leaf N % H 5.81 -.08 5.86 -.18 
C 2.67 .01 2.72 -.11* 
Leaf P % H .374 .007 .379 -.003 
C .252 -.007 .199 .099* 
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Table II (con't.). 
Response Response 
Variables Crop 0-K to K 0-P to P 
Leaf K % H 1.71 .42** 1.98 -.13* 
C .73 1.01** 1.43 -.39* 
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of soybean and coim leaves and grain and P also increased the K 
concentration in all three grains. The K treatment increased 
K concentration in the leaf and grain material with the excep­
tion of com grain. Potassium had no effect on the concentration 
of P in leaves or grain. Application of P and K did not have 
any consistent affect on the N concentration in leaves or grain. 
The N, P, and K content of all the soybean leaf samples 
were sufficient or high according to the sufficiency ranges 
presented by Jones (1967). Leaf N was in the high range as was 
leaf P in the samples from the P treated plots. Leaf P in the 
samples from the untreated plots was in the upper range of 
sufficiency and well above the critical level of Melsted et al. 
(1969). These high values for leaf P and K content would not 
suggest much yield response to P or K fertilization. 
The negative yield response of com to P may be partly 
explained by the com leaf analyses in Table 8. The application 
of P greatly increased the percentage of P in the leaf samples 
but tended to accentuate the deficiency of K. The latter 
tendency may have prevented any response to P. Phosphorus 
also tended to increase the amount of barrenness in com, 
particularly when applied alone. 
c. 1973 data The treatment means for the 1973 results 
are presented in Table 12. The Hark soybean yields were some­
what higher in 1973 than in 1972, ranging up to 3,582 kg/ha 
Table 12. 1973 unirrigated P-K experiment treatment means for Hark (H) and Wayne (W) soy­
beans and for corn (C) variables. 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 0 504 728 
Variable Crop KO 0 0 0 672 896 672 896 
Yield (kg/ha) H 
W 
c 
CSE* 
2983 
2686 
8014 
3882 
3211 
2901 
8097 
3922 
3418 
2196 
9613 
4656 
3008 
2415 
8455 
4095 
3010 
2863 
8379 
4059 
2897 
3028 
8530 
4132 
3113 
2335 
10004 
4846 
3582 
2517 
10164 
4924 
3152 
2618 
8907 
4315 
Height (cm) H 
W 
66 
64 
63 
62 
70 
68 
67 
68 
69 
68 
69 
66 
71 
74 
69 
75 
68 
68 
Lodging H 
W 
1.9 
2.4 
1.8 
2.0 
2.9 
4.0 
2.8 
3.9 
2.6 
3.3 
2.8 
3.1 
3.6 
4.3 
3.5 
4.5 
2.7 
3.4 
Barren^ c 2807 1435 1230 1640 2050 1640 2870 4100 
2230 
Barren^ c 5.0 2.5 2.1 2.9 3.7 2.9 5.0 7.1 3.9 
Leaf N % c 3.31 3.26 3.31 3.27 3.24 3.34 3.47 3.29 3.31 
Leaf P % c .260 .258 .409 .514 .252 .268 .408 .465 .354 
Leaf K % c 1.28 1.17 1.20 1.17 1.98 2.18 2.08 2.20 1.65 
*Corn yield converted to soybean equivalent. 
^Barren plants/ha. 
^Barren plants on a percentage basis. 
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(53 bu/A). The yield of Wayne averaged 534 kg/ha less than 
Hark and was lower than in 1972. The later planting date in 
1973 was probably more detrimental to the longer season Wayne 
variety. Com yields ranged up to 10,164 kg/ha (162 bu/A) 
and were slightly higher than in 1972. 
The AOV's for yield, height, and lodging in 1973 are presented 
in Table 9. Hark showed a yield response to the P main effect 
(Table 11) significant at the 10% level. However, the highly 
significant K x P x application interaction is the most meaningful. 
The reason for this interaction can be seen in the treatment 
means (Table 12). Hark responds to the lower P application 
and the higher P + K application. A reasonable explanation 
for this is not known, but the occurrence seems to indicate 
that adequate K is necessary for response to high P rates as 
found by deMooy (1965). Wayne soybeans showed a significant 
P main effect of -504 kg/ha. This appears to be a case of 
differential varietial response to P which will be discussed 
later along with a possible reason for the negative P response. 
Com yield responses were quite different in 1973 compared 
to 1972 and, as will be shown later, to 1974. In 1973 the com 
gave a significant K response of 724 kg/ha and a highly significant 
P response of 1304 kg/ha. The treatment means show very few 
barren plants in 1973 and the leaf K for the check plots and 
P treatments was higher than in 1972. Also, P treatments did 
53 
not significantly affect leaf K. The level of leaf P was 
highly significantly increased by the P treatments. A different 
com hybrid (Pioneer 1131X) was used in 1973 than in 1972 
(Pioneer 3369A), and may have influenced the differences in 
com response. However, it is not possible to separate the 
year from the variety effects. 
The height of the Hark plants was increased by P and K 
treatments, but the effects were not statistically significant. 
The height of Wayne was significantly increased 6 cm by both 
P and K as shown in the treatment means (Tables 9, 11, and 12). 
It is interesting to note that growth of Wayne as measured 
by plant height was increased by P while grain yield was reduced. 
Lodging scores for both Hark and Wayne were significantly 
increased by P and K fertilization (Tables 9, 11, and 12). 
Wayne lodging scores and increases in score as a result of 
fertilization were larger than those for Hark. Wayne plants 
were almost prostrate in the P + K treatments. The effects of 
lodging on yield will be discussed in a later section. Soybean 
leaf samples from this experiment were not analyzed in 1973. 
d. 1974 data The 1974 treatment means are presented 
in Table 13. As shown in the table, analysis for N, P, and K 
was completed on Hark and com leaf samples. AOV's for yield, 
height, and lodging measurements are presented in Table 9. The 
significant sources of variation for the other variables, and 
Table 13. 1974 unlrrigated P-K experiment treatment means for Hark (H) and Wayne (W) soy­
beans and for com (C) variables. 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 0 504 728 
Variable Crop KO 0 0 0 672 896 672 896 
Yield (kg/ha) U 
W 
2737 
2586 
4907 
2377 
2766 
2377 
5189 
2514 
2958 
2702 
5919 
2867 
2945 
2887 
5179 
2509 
3339 
2772 
6797 
3292 
3353 
2584 
6594 
3194 
3080 
2526 
8804 
4264 
3340 
2891 
9028 
4373 
3065 
2665 
6552 
3174 
Height (cm) H 
W 
54 
55 
57 
58 
63 
63 
56 
59 
57 
55 
59 
58 
63 
63 
61 
63 
59 
59 
Lodging H 
W 
1.1 
1.5 
1.2 
1.7 
1.6 
2.8 
1.3 
2.5 
1.2 
1.6 
1.2 
1.7 
2.3 
2.8 
1.9 
2.7 
1.5 
2.2 
Barren^ c 10456 10456 6766 7176 5536 -3895 3690 205 6022 
c 
Barren c 20.0 19.7 13.3 14.3 10.0 7.1 6.7 0.4 11.3 
Leaf N % H 
C 
6.30 
2.65 
5.64 
2.71 
5.69 
2.70 
5.59 
2.65 
5.65 
2.76 
5.84 
2.77 
5.71 
2.62 
5.73 
2.58 
5.77 
2.68 
Leaf P % H 
C 
.418 
.189 
.347 
.187 
.370 
.310 
.359 
.322 
.385 
.228 
.364 
.193 
.374 
.283 
.399 
.277 
.377 
.249 
Leaf K % H 
C 
1.92 
0.93 
1.70 
0.82 
1.57 
0.58 
1.65 
0.56 
2.12 
1.85 
2.18 
2.10 
2.07 
1.45 
2.13 
1.55 
1.92 
1.23 
^Corn yield converted to soybean equivalent. 
'^Barren plants/ha. 
^Barren plants on a percentage basis. 
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P and K main effects are shown in Table 10 and 11, respectively. 
In 1974 the top yield of Hark soybeans was 3353 kg/ha 
compared to 2891 for Wayne. Corn yields were reduced some by 
dry weather but reached 9,028 kg/ha. 
The yield of Hark was significantly increased 427 kg/ha 
by K, but the treatment means (Table 13) indicate about a 
200 kg/ha response to P only and about a 600 kg/ha response to 
K only. The P + K treatments show much lower responses, thus 
the K main effect was reduced. Wayne soybeans show a 172 kg/ha 
response to K, which was significant at the 10% level. The P 
X application interaction in Wayne yield is caused by the 275 kg/ha 
difference between low and high P application (Table 13). 
The AOV's and main effects (Tables 9 and 11) show that both 
Hark and Wayne growth as measured by plant height was increased 
by P. The P x application interaction shows that the height 
increase to the higher P level was not as much as the increase 
to the lower P level. Lodging scores of Hark were increased 
by P, K, and by a P x K interaction. Wayne lodging score was 
increased by P. These yield, height, and lodging results do 
not indicate the negative effects of the high application rates 
as observed in 1972 and 1973. 
The com hybrid planted in 1974 was Pioneer 3369A, the same 
hybrid as in 1972. A highly significant 2408 kg/ha K response 
and 1360 kg/ha P response (significant at the 10% level) was 
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measured in 1974. The AOV indicated that K caused a small but 
highly significant increase in plants/ha while P had a small 
but significant negative effect. The number of barren plants 
was decreased by both K and P with the K main effect significant 
at the 10% level. The level of com leaf K in the samples from 
the check plots was deficient and the 0.58% and 0.56% K in 
the P only treatments indicates severe K deficiency. Com 
leaf K was significantly reduced 0.39% by P. The K treatment 
greatly increased leaf K. Leaves of the plants in the P alone 
treatments showed visual K deficiency symptoms, but deficiency 
symptoms were not observed in the other treatments. Thus 
although a P yield response occurred, P was inducing K deficiency 
in the com plants. The com leaf P in the check plots and the 
higher K treatment were in the low range thus also indicating 
a need for P which was reflected in the yield response to P. 
Leaf analysis of the Hark samples showed that N, P, and 
K were in the sufficient range. One interesting point was that 
the P treatments did not increase leaf P content but did reduce 
leaf K 0.13% (Table 11). 
e. Comparison of Hark and Wayne soybeans Hark and 
Wayne soybeans showed some varietal differences and some fer­
tility response differences in the variables measured. Testing 
these differences is possible in an AOV which combines the two 
varieties. In such an arrangement, the varieties serve as the 
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whole-plots, the P and K treatments as sub-plots, and the appli­
cation rates as sub-sub-plots. The difference between Hark and 
Wayne is tested by the variety term in the AOV in Table 14. 
Because Hark and Wayne were planted in strips and not properly 
randomized the variety test is not statistically valid, but some 
of the differences are probably real. The test of the variety 
X treatment interactions are statistically valid. Significance 
among these interactions indicates the two varieties are 
responding differently to the fertility treatment. 
Table 14 presents AOV's combining Hark and Wayne yield, 
height, and lodging data for each of the three years of the 
unirrigated P-K experiment. Table 15 presents the statistically 
significant sources of variation found in AOV's combining Hark 
and Wayne leaf and grain analyses data from 1972. The mean 
columns in Tables 8, 12 and 13 are the numbers compared for 
Hark and Wayne by the variety term in the AOV's. Comparison 
of the Hark and Wayne response to the P and K main effects in 
Table 11 is tested by the variety x K or the variety x P inter­
actions . 
The 1972 data did not show any varietial difference in 
yield or yield response. The variety x P x application inter­
action, significant at the 10% level of probability, is due 
to a P X application interaction in Hark but not in Wayne. 
The AOV for 1972 height measurements shows a significant variety 
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Table 14. Analysis of variance comparing Hark and Wayne soybean 
yield, height, and lodging for 1972, 1973, and 1974 in the 
unirrigated P-K experiment 
Source d.f. Yield Height Lodging 
1972 
Block 2 146,212 65.175 1.1256++ 
V (variety) 1 9,352 214.631* 15.6408** 
Error (a) 2 325,444 10.581 .1165 
K 1 344,847++ 145.256** .4800 
P 1 94,164 182.910** 5.6033** 
KP 1 196,864 7.442 .0008 
VK 1 200 4.750 .7500 
VP 1 215,431 .725 .4800 
VK? 1 6,864 49.410* .0675 
Error (b) 12 88,543 7.614 .3697 
A (application) 1 75,208 .827 .0300 
VA 1 18,408 .010 .0300 
KA 1 304,645* 5.810 .0408 
PA 1 43,923 68.881** .8008** 
KPA 1 116,030 10.175 .0833 
VKA 1 118,007 .000 .2408 
VPA 1 224,134++ 20.150 .0675 
VKPA 1 705 13.335 .1633 
Error (c) 16 63,519 6.812 .0921 
Total 47 
CV % (c) 8.6 5.2 13.0 
1973 
Block 2 148,250 86.186* 1.725&++ 
V (variety) 1 3,419,735* .317 5.6033* 
Error (a) 2 108,799 1.493 .1808 
K 1 54,405 223.173* 6.4533* 
P 1 181,794 244.352* 17.3800** 
ICP 1 43,561 .010 .3333 
VK 1 57,132 15.300 .0033 
VP 1 1,739,645** 44.660 .7500 
VKP 1 69,161 26.552 .1633 
Error (b) 12 138,820 28.079 .7489 
A (application) 1 174,726 25.085 .0533 
^Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
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Table 14 (con't.)-
Source d.f. Yield Height Lodging 
VA 1 66,901 4.380 .0300 
KA 1 36,520 7.922 .2133 
PA 1 374 1.050 .0133 
KPA 1 289,231 .025 .0133 
VKA 1 70,534 4.877 .0033 
VPA 1 1,430 11.505 .1633 
VKPA 1 277,553 2.297 .0300 
Error (c) 16 104,311 12.746 .0750 
Total 47 
CV % (c) 11.2 5.3 8.9 
1974 
Block 2 1,867,086** 231.153* .0008 
V(variety) 1 1,908,418** 2.001 5.8800** 
Error (a) 2 6,327 4.431 .0075 
K 1 696,249* 42.941 .4033 
P 1 124,542 253.000** 8.6700** 
KP 1 286,598t+ 2.901 .3333 
VK 1 413,108* 10.268 .2700 
VP 1 58,172 6.021 .7500* 
VKP 1 2,147 2.001 .2133 
Errer (b) 12 84,146 15.033 .1275 
A (application) 1 36,575 .300 .0833 
VA 1 3,417 9.541 .0300 
KA 1 39,388 10.641 .0218 
PA 1 248,112++ 112.242** .3333 
KPA 1 37,242 17.521 .0300 
VKA 1 .638 .241 .0133 
VPA 1 103,880 1.841 .0000 
VKPA 1 3,153 .241 .0300 
Error (c) 16 71,384 7.816 .0750 
Total 47 
CV % (c) 9.3 4.7 4.7 
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Table 15. Results of AOV cougaring Hark and Wayne soybean leaf 
and grain analysis in the 1972 unirrigated P-K experiment. 
Variable Significant terras^ in AOV CV % (c) 
Leaf N % K**, KA*, PAH- 2.7 
Leaf P % P**, A**, KPA-H- 7.8 
Leaf K % Block++, V**, K**, VK**, VA*, PA+ 4.4 
Grain N % n.s. 1.6 
Grain P % Block*, V*, P**, VP-H-, PA* 3.9 
Grain K % Block*, V**, K**, P**, VK*, PA* 2.2 
^erms in AOV: V = variety, A = application rate. 
^Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
ieic 
Significant at the 1% level of probability. 
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effect. Wayne averaged 4 cm taller than Hark; a difference which 
was observed in the field. The significant variety x K x P 
interaction occurred because Wayne showed a negative K x P inter­
action significant at the 10% level while Hark showed a positive 
interaction. The highly significant variety term in the lodging 
AOV confirms the field observation that Wayne lodged more than 
Hark. 
Table 15 shows that there were statistically significant 
differences between Hark and Wayne in leaf K and in grain P 
and K concentrations. Wayne had a higher leaf K but Hark had 
higher levels of P and K in the grain. Variety x P and variety 
X K interactions were also significant. Phosphorus treatment 
increased the percentage of P in Hark grain more than in Wayne 
grain (Table 11). Wayne leaf and grain K percentage was more 
responsive to K treatment. 
In 1973 the yield of Hark was greater than Wayne and the 
AOV shows a significant variety effect. The variety x P inter­
action reflects the 258 kg/ha Hark response and the -504 kg/ha 
Wayne response to P. There were no varietal differences associated 
with plant height. Wayne did show more lodging in 1973 as 
indicated by the significant variety term. 
The AOV's and 1974 mean data from Table 13 show that Hark 
yielded significantly more than Wayne, while Wayne lodged more 
than Hark. A variety x K interaction in the AOV of yield data 
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is due to the large K response in Hark while Wayne showed little 
K response. The variety x P interaction in lodging scores occurred 
because the Hark lodging score was increased 0.7 by P while 
the Wayne lodging score increased 1.1. 
Summarizing, Hark tended to yield more, be shorter, and 
lodge less than Wayne. Hark also tended to show more yield 
response to P and K than Wayne, but the difference was not 
consistent statistically from year to year. Phosphorus treatment 
tended to increase lodging more in Wayne than in Hark, but this 
difference was significant only in 1974. 
f. Comparing Hark soybeans with com Comparison of 
soybean and corn responses to fertilization treatments is 
possible using the same type of AOV as was used to compare soybean 
varieties. Crops would serve as the whole-plots instead of 
varieties. For comparison purposes com yields were converted 
to soybean equivalent (CSE) as discussed earlier. Corn yield 
was compared with Hark soybeans because Hark yielded more and 
was more responsive to fertility treatements than Wayne. 
The AOV's comparing Hark and com yields for 1972, 1973, 
and 1974 are presented in Table 16. Tables 8, 12, and 13 present 
the treatment means for CSE and Table 11 presents the main 
effects. As in the AOV's combining varieties, the crop term 
is not a statistically valid test of differences between crops 
because the crops were planted in unrandomized strips. However, 
63 
Table 16. Analysis of variance comparing dark soybean yield and 
com yield converted to soybean equivalent in the P-K 
unirrigated experiment for 1972, 1973, and 1974. 
Source d.f. 1972 1973 1974 
Block 2 150,909 65,510 1,434,826* 
C (crop) 1 15 ,389,540* 16,229,590** 143,008 
Error (a) 2 579,830 45,136 63,113 
K 1 3 ,467,413** 366,277++ 8,076,998** 
P 1 34,830 2,372,296** 1,433,135++ 
KP 1 293,812 259,455 185,257 
CK 1 1 ,777,546** 373,295++ 1,862,832* 
CP 1 989,860* 419,438++ 1,178,133++ 
CKP 1 32,502 1,419 1,024,339 
Error (b) 12 138,901 89,615 372,834 
A (application) 1 504,505* 6,510 1,121 
CA 1 326,862* 57,615 46,750 
KA 1 14,387 269,251 45,141 
PA 1 258,280* 82,253 1,365 
KPA 6,279 631,811* 183,519 
CKA 1 7,829 3,869 .127 
CPA 1 30,553 52,735 45,265 
CKPA 1 199,304 72,776 32,137 
Error (c) 16 66,546 90,510 134,366 
Total 47 
CV % (c) 7.4 8.1 11.8 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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in 1972 and 1973, the crop term suggests that com was yielding 
more in terms of soybean equivalent than soybeans. This difference 
is frequently observed in current soybean and corn yields. In 
the 1950's when Howell (1961) first compared com and soybeans 
using this energy method, the yield of soybeans and CSE were 
much closer together. In 1974, soybean and CSE were very similar 
because of the low com yields of the check plots and the P treated 
plots. 
The crop x K interaction in the 1972 AOV is highly signifi­
cant because CSE K response is much greater than Hark soy­
beans. Because com showed a negative P response and Hark did 
not, the crop x P interaction is significant. The crop x appli­
cation interaction is significant because com showed a negative 
response to the higher fertilizer application while soybeans 
showed little effect. Com was thus much more responsive to K 
application than Hark soybeans but com was also more sensitive 
to the detrimental effects of high fertility levels. Com was 
very sensitive to the effects of high P levels. 
The 1973 data showed corn responding positively to both 
P and K. The nature of the Hark soybean response to K and P 
and the K x P interaction was difficult to explain but there 
was a significant response to P. The AOV in Table 16 and 
the main effect responses in Table 11 showed com more responsive 
in terms of CSE than Hark soybeans. The yield of soybeans and 
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and CSE were similar in 1974. In fact the CSE yields for check 
plots and the P only treatments were below those of Hark. Yet 
the AOV (Table 16) and main effects (Table 11) show that com 
was more responsive than Hark to both P and K. 
Com appeared more sensitive than soybeans to the high 
fertility levels in 1972, but it did not appear sensitive to them 
in 1973 or 1974. With the exception of the negative P response 
in 1972, com was more responsive than Hark soybeans to the P 
and K fertility treatments. 
2. P-K irrigated experiment 
a. Soil test results The P-K irrigated experiment 
was similar to the P-K unlrrlgated experiment except that irriga­
tion was used when necessary as part of the overall crop manage­
ment program, and it had four conçlete replications. Table 17 
presents the fertilizer treatments and the soil test results 
obtained during the experiment. The effect of the high P and 
K rates on soil test were about the same as in the P-K unlrrlgated 
experiment. The P treatments produced very high levels of soil 
P (125 to over 200 pp2m), while the K treatments produced soil 
K levels in the medium to high soil test classification. The 
plots not receiving P or K were in the low to very low soil 
test classification. 
b. 1972 data The treatment means for the variables 
measured in the P-K Irrigated experiment in 1972, 1973, and 1974 
Table 17. Fertilizer rates and mean soil test results In the P-K irrigated experiment (means 
of 4 replications). 
Treatments 
Check 1 Check 
IjOW 
P 
High • 
P 
Low 
K 
High 
K 
Low 
P + K 
High 
P + K 
1970 fertilizer (kg/ha)* P 0 504 0 504 
K 0 0 672 672 
Soil test (pp2m) P 15 167 14 173 
Apr., 1972 K 98 98 266 227 
1?H 6.8 6.5 6.6 6.5 
1972 fertilizer (kg/ha)^ P 0 0 0 224 0 0 0 224 
K 0 0 0 0 0 224 0 224 
Total fertilizer (kg/ha) P 0 0 504 728 0 0 504 728 
K 0 0 0 0 672 896 672 896 
Soil test (pp2m) P 14 11 142 235 11 11 147 275 
July, 1973 K 87 88 84 87 177 253 154 196 
PH 6.6 6.4 6.1 6.1 6.3 6.2 6.1 6.2 
Soil test (pp2m) P 12 8 128 230 9 8 135 231 
K 82 77 81 85 166 225 150 209 
pH 6.7 6.7 6.3 6.3 6.5 6.4 6.3 6.3 
^In 1970 the fertilizer treatments were applied to 15.2 by 27.4 m plots. 
^In 1972 the large plots were split In half to form plots 15.2 by 13.7. An additional P or K 
treatment was then applied to one of the halves. 
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are presented in Tables 18, 19, and 20, respectively. Considerable 
analytical data were accumulated in 1972, none was obtained in 
1973, and only Hark and corn leaf samples were analyzed for N, 
P, and K in 1974. Some of the 1972 chemical analyses are of 
limited interpretative value. 
The 1972 treatment means (Table 18) appear to show some 
treatment effects in the variables measured. From the yield 
data, it appears that Hark soybeans responded to the lower level 
of P but not to the additional P applied in 1972. AOV (Table 21) 
of the Hark yield data confirms this observation. The P main 
effect was not statistically significant but application rate 
(lower vs higher) and the P x application interaction were both 
significant. An average 310 kg/ha response occurred at the lower 
P level but a -89 kg/ha response was measured at the higher P 
level. A 191 kg/ha response was found at the lower level of K 
but none of the K terms were statistically significant. Wayne 
soybeans showed the same type of P response, with a 175 kg/ha 
response to low P and a -103 kg/ha response to high P but the 
AOV does not show significance for the P x application term. 
Wayne also showed a nonsignificant K response of 189 kg/ha. 
The AOV of the corn yield data showed a highly significant K 
main effect response of 2,231 kg/ha. A significant K x P inter­
action was also indicated. Looking at the simple effects, P 
gave a negative 1,596 kg/ha response while K gave a 1,237 kg/ha 
Table 18. 1972 Irrigated P-K experiment treatment means (4 replications) for Hark (H) and 
Wayne (W) soybeans and corn (C) variables. 
kg/ha fertilizer applied in 1970 and 1972 (total) 
Variables Crop 
P 0 
K 0 
0 
0 
504 
0 
728 
0 
0 
672 
0 
896 
504 
672 
728 
896 Mean 
Yield (kg/ha) H 
W 
c a 
CSE 
3022 
2894 
7538 
3651 
2980 
2736 
7763 
3760 
3213 
2819 
6074 
2942 
2970 
2661 
6035 
2924 
3095 
2898 
9035 
4377 
3099 
2928 
8740 
4233 
3522 
3283 
9423 
4564 
2929 
2796 
9134 
4424 
3104 
2872 
7967 
3859 
Height (cm) H 
W 
39 
45 
40 
46 
46 
50 
47 
52 
43 
52 
44 
51 
50 
57 
49 
55 
45 
51 
Lodging H 
W 
1.4 
2.0 
1.6 
2.1 
2.3 
3.4 
2.5 
3.6 
1.8 
2.5 
2.0 
3.2 
2.7 
4.3 
2.5 
4.1 
2.1 
3.1 
Barren^ c 5382 8457 17529 19067 3537 5382 5997 8611 9245 
Barren^ c 8.9 13.2 29.6 31.2 5.8 8.9 10.3 13.9 
15.2 
Leaf N % H 
W 
C 
6.01 
5.68 
2.84 
5.96 
5.95 
2.78 
6.14 
5.88 
2.88 
6.09 
6.15 
2.80 
5.80 
5.87 
2.76 
5.91 
5.60 
2.78 
6.02 
5.98 
2.92 
5.82 
5.09 
2.63 
5.97 
5.85 
2.80 
*Corn yield converted to soybean equivalent. 
^Barren plants/ha. 
^Barrenness expressed on a percentage basis. 
Table 18 (con't.) 
kg/ha fertilizer applied in 1970 and 1972 (total) 
Variables 
Leaf P % 
Leaf K % 
Leaf Ca % 
Leaf Mg % 
Leaf Zn ppm 
Leaf Mn ppm 
Leaf Cu ppm 
p 0 0 504 728 0 0 504 728 
Crop K 0 0 0 0 672 896 672 896 Mean 
H .426 .407 .500 .527 .426 .388 .483 .505 .458 
W .425 .415 .540 .627 .418 .392 .546 .515 .485 
c .273 .223 .410 .478 .217 .218 .408 .412 .330 
H 1.76 1.72 1.68 1.79 2.34 2.35 2.31 2.33 2.03 
W 1.97 1.87 1.79 1.89 2.58 2.69 2.54 2.65 2.25 
c 1.32 1.08 .81 .83 1.65 1.79 1.53 1.76 1.34 
H .99 .98 1.14 1.14 .98 .92 1.04 1.04 1.03 
W 1.07 .96 1.05 1.10 .97 .94 .98 1.07 1.02 
c .57 .62 .79 .77 .46 .41 6.3 .52 .59 
H .41 .40 .44 .45 .33 .31 .32 .32 .37 
W .38 .35 4.1 .42 .29 .27 .30 .30 .34 
c .42 .48 .74 .70 .28 .26 .31 .24 .43 
H 45 63 40 44 45 41 38 34 44 
W 42 41 40 48 42 42 38 36 41 
c 27 25 23 16 27 24 19 15 22 
H 43 35 50 50 37 38 44 47 43 
w 38 35 42 43 38 40 40 45 40 
c 39 40 ' 56 59 31 32 38 38 42 
H 67 14 12 16 16 15 10 10 20 
w 9 23 8 11 61 12 11 7 18 
c 8 9 4 3 11 15 8 6 8 
Table 18 (con't.). 
kg/ha fertilizer applied In 1970 and 1972 (total) 
Variables 
Grain N % 
Grain P % 
Grain K % 
p 0 0 504 728 0 0 504 728 
Crop K 0 0 0 0 672 896 672 896 Mean 
H 7.10 7.21 7.10 6.75 6.69 6.94 6.87 6.65 6.91 
W 6.16 6.41 6.63 6.72 6.29 6.32 6.96 6.73 6.48 
c 1.19 1.09 1.26 1.29 1.99 1.15 1.25 1.23 1.19 
H .636 .596 .791 .839 .610 .656 .751 .850 .716 
w .559 .541 .674 .694 .566 .577 .702 .763 .634 
c .262 .201 .245 .263 .191 .239 .274 .325 .256 
H 1.93 1.88 1.96 2.00 1.99 2.04 2.09 2.21 2.01 
W 1.63 1.65 1.68 1.74 1.80 1.85 1.95 2.03 1.79 
c .313 .258 .320 .306 .261 .265 .284 .315 .290 
Table 19. 1973 Irrigated P-K experiment treatment means (4 replications) for Hark (H) and 
Wayne (W) soybeans and com (C) variables. 
Variables Crop 
Yield (kg/ha) 
Height (cm) 
Lodging 
Barren^ 
Barren^ 
P 
K 
kg/ha fertilizer applied In 1970 and 1972 (total) 
0 
0 
0 
0 
504 
0 
728 
0 
0 
672 
0 
896 
504 
672 
*Corn yield converted to soybean equivalent. 
^Barren plants/ha. 
'^Barrenness expressed on a percentage basis. 
728 
896 
H 2843 2885 2923 2929 2747 2884 3072 2913 
W 2540 2613 2662 2513 2500 2757 2830 2672 
c 8259 8077 9103 8902 8210 8132 9961 9858 
CSE* 4001 3913 4409 4312 3977 3939 4825 4775 
H 63 62 68 71 63 64 76 76 
W 66 62 71 70 66 68 78 80 
H 1.7 1.6 3.0 3.1 1.8 1.4 3.9 4.0 
W 2.8 2.1 3.9 4.0 2.6 2.6 4.5 4.7 
c 461 154 1076 1230 923 1384 1076 3537 
c .8 .3 1.9 2.2 1.6 .24 1.9 6.2 
Mean 
2899 
2636 
8813 
4269 
68 
70 
2. 
3. 
1230 
2 .  
Table 20. 1974 irrigated P-K experiment treatment means (4 replications) for Hark (H) and 
Wayne (W) soybeans and for corn (C) variables. 
kg/ha fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 0 504 728 
Crop KO 0 0 0 672 896 672 896 Mean 
Yield (kg/ha) H 
W 
C 
CSE* 
2819 
2458 
5485 
2657 
2797 
2122 
5251 
2545 
2896 
2200 
7360 
3566 
2802 
2168 
6449 
3124 
3013 
2303 
5930 
2873 
2839 
2221 
5744 
2782 
3223 
2503 
9239 
4475 
3285 
2396 
9670 
4684 
2959 
2296 
6891 
3338 
Height (cm) H 
W 
63 
59 
62 
61 
71 
71 
68 
67 
61 
61 
65 
65 
68 
71 
64 
65 
65 
65 
Lodging H 
W 
1.5 
2.0 
1.5 
2.2 
2.0 
3.6 
1.9 
3.6 
1.5 
2.3 
1.5 
2.7 
2.4 
4.2 
1.9 
4.1 
1.7 
3.1 
Barren^ C 6151 7227 3690 8765 6612 8150 1845 461 5362 
Barren^ c 12.3 13.5 7.2 16.7 12.6 14.5 3.6 .9 10.2 
Leaf N % H 
C 
6.58 
2.99 
6.52 
3.03 
6.77 
2.89 
6.69 
3.00 
6.24 
3.05 
6.33 
3.01 
6.66 
3.00 
6.43 
2.98 
6.53 
2.99 
Leaf P % H 
C 
.433 
.239 
.417 
.197 
.551 
.315 
.546 
.408 
.395 
.200 
.392 
.197 
.528 
.342 
.525 
.362 
.473 
.282 
Leaf K % H 
C 
1.81 
1.04 
1.84 
1.00 
1.71 
.75 
1.71 
.73 
2.04 
1.86 
2.05 
2.06 
2.05 
1.45 
2.14 
1.64 
1.92 
1.32 
®Com yield converted to soybean equivalent. 
^Barre^ com plants/ha. 
'^Barrenness expressed on a percentage basis. 
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Table 21. Analysis of variance of grain yield and lodging scores 
for Hark and Wayne soybeans and of com yield in the 
P-K irrigated experiment. 
Mean Squares 
Yield Lodging 
Source d.f. Hark Wayne Com Hark Wayne 
1972 
Block 3 193,540* 46,883 4,218,267++ .0908 .1811 
K 1 105,340 285,201 39,803,260** .6612 4.5753* 
P 1 96,360 10,332 2,903,447 4.9612** 16.1028** 
KP 1 2,965 98,235 7,891,371* .0800 .0528 
Error (a) 9 48,767 111,159 1,097,057 .3433 .48974 
A^ 1 381,065* 268,828 79,302 .0613 .3828* 
KA 1 46,818 5,177 297,028 .0800 .0153 
PA 1 318,402* 155,264 33,218 .0300 .3828* 
KPA 1 78,805 154,874 36,383 .0612 .5778* 
Error (b) 12 47,241 143,851 414,623 .1256 .0730 
Total 31 
CV % (b) 7.0 13.3 8.1 16.9 8.7 
1973 
Block 3 34,524 228,300 679,558 .0446 .3783 
K 1 630 92,988 1,658,931++ 1.5312++ 1.4450 
P 1 113,765 35,445 13,238,090** 27.7513** 23.8049** 
KP 1 26,450 24,920 1,636,240++ 1.7113* .4050 
Error (a) 9 182,706 140,887 354,146 .3056 .6540 
A^ 1 313 248 159,330 .0313 .0800 
KA 1 2,521 15,008 20,200 .0313 .3200 
PA 1 55,278 202,725 968 .3613++ .5000 
KPA 1 33,670 18,576 15 .0312 .1800 
Error (b) 12 106,264 128,006 160,852 .1071 .2367 
Total 31 
CV % (b) 11.2 13.6 4.6 13.1 14.3 
1974 
Block 3 79,584 205,695 591,868 .2645* .2850 
K 1 547,320 112,694 18,224,190** .1012 2.0000* 
P 1 271,400 13,654 53,119,700** 2.3113** 19.845 ** 
^Application or test of difference between low and high application 
rate. 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 21 (con't.)-
Mean Squares 
Yield Lodging 
Source d .f. Hark Wayne Com Hark Wayne 
1974 
KP 1 164,882 172,138 8,658,000* .1013 .0800 
Error (a) 9 174,571 133,094 1,552,843 .0679 .2994 
1 26,049 154,707 404,775 .2113++ .0800 
KA 1 5 16,065 965,008 .0613 .0050 
PA 1 13,407 39,130 1,785 .1012 .1800 
KPA 1 47,201 54,038 838,836 .0613 .0450 
Error (b) 12 55,976 52,237 643,752 .0521 .1608 
Total 31 
CV % (b) 8.0 10.0 11.6 13.4 12.9 
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response. The calculated effect of K x P was 994 kg/ha. The 
treatment means showed some negative effects for the high rates, 
but' the low and high levels of P or K did not significantly 
differ in their effect on corn yields. Thus soybeans were on 
the negative portion of the response curve at the high P and K 
application rates, and corn may have been. 
The height of Hark was increased 4 cm by the K main effect 
(significant at the 10% level) and 6 cm by the P main effect 
(highly significant) as shown in Tables 22 and 23. None of the 
other sources of variation had a significant effect on Hark 
height. The height of Wayne soybeans was significantly increased 
5 and 6 cm by the P and K main effects, respectively. The K-x 
application interaction was significant at the 10% level and 
Indicates that the lower K fertility level increased height more 
than the higher K level. 
The AOV of the Hark lodging data in Table 21 shows a highly 
significant P main effect, with an increase in lodging score 
from 1.7 to 2.5. Lodging of Wayne (Table 21) was significantly 
increased from 2.8 to 3.5 by K main effects and highly significantly 
increased from 2.4 to 3.9 by P main effects. The significant 
K X P X application interaction was caused by increased lodging 
at the higher levels of P or K alone but reduced lodging at the 
higher level of P + K as shown by the treatment means in Table 
18. 
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Table 22. Results of AOV on soybean plant height, barren com 
plants, and chemical analysis of leaf and grain material 
in the P-K irrigated experiment, 1972-1974. 
Variable Crop Significant terms in AOV^ CV % (b) 
1972 
Height Hark K++, P** 4.0 
Wayne K*, P*, KA-H- 3.5 
Barrenness Com K**, p**, KP++, A* 24.7 
Leaf N % Hark n.s. 2.4 
Wayne KA++ 6.8 
Com A*, PA++,KPA-H- 4.0 
Leaf P % Hark p** 12.7 
Wayne K++, P**; KP-H-, KA**, PA *, 5.1 
KPA* 
Com K++, P**, KPA** 6.5 
Leaf K % Hark K** 3.5 
Wayne K** 4.4 
Com K**, P*, KA**, PA* 6.9 
Leaf Ca % Kark p** 4.9 
Wayne P-H-, PA** 5.9 
Com K**,P**, A*, KA**, PA-H- 6.9 
Leaf Mg % Hark K**, P*, KP* 5.2 
Wayne Block++, K**, P**, PAH- 7.0 
Com K**, P*, KP-H- 18.4 
Leaf Mn ppm Hark P**, KA-H- 10.6 
Wayne P* 12.4 
Corn Block-H-, K**, P** 9.5 
Leaf Cu ppm Hark P++ 116.7 
Wayne n.s. 179.0 
Com PAH- 47.6 
^The significant terms listed here are the ones used in the AOV, 
Table 21: K and P represent fertility treatments and A represents 
comparison of low and high application rates. 
++ 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 22 (con't.). 
Variable Crop Significant terms in AOV^ CV % (b) 
Grain N % Hark n * s * 4.8 
Wayne n.s. 7.4 
Corn P** 13.2 
Grain P % Hark p** 10.8 
Wayne Block++, K*, P**, A**, KA*, 
PA** 2.6 
Com P++, KA-H- 24.9 
Grain K % Hark K**, P**, A-H-, KA-H-, PAH- 3.2 
Wayne Block**, K**, P**, KP**, A** 2.6 
Com K++, P** 20.3 
1973 
Height Hark K**, P**, KP** 5.2 
Wayne K**, P**, KP* 5.1 
Barrenness Corn K*, P* 114.8 
1974 
Height Hark Block-H-, P** 7.5 
' 
Wayne P*, PA** 5.9 
Barrenness Com P++, KP++, A*, KA**, KPA* 34.7 
Leaf N % Hark K++, P-H-, PA++ 2.0 
Com Block* 4.8 
Leaf P % Hark p** 5.4 
Com P**, PA*, KPA++ 13.3 
Leaf K % Hark K** 7.1 
Com K**, P**, KA* 9.8 
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Table 23. Main effects of P and K fertilization on variables 
measured in the P-K irrigated experiment, 1972-1974. 
Response Response 
Variable Crop 0-K to K 0-P to P 
1972 
Yield (kg/ha) H 3046 115 3049 111 
W 2777 189 2854 36 
C 6852 2231** 8269 -603 
CSE 3319 1081 4006 -292 
Height (cm) H 43 4++ 42 6** 
W 48 6* 48 5* 
Lodging H 7.0 .2 1.7 .8** 
W 2.8 .8* 2.4 1.5** 
Barrenness C 12608 -6727** 5689 7112** 
Leaf N % H 6.05 — .16 5.92 .10 
W 5.91 -.13 5.77 .15 
c 2.83 — .06 2.79 .02 
Leaf P % H .465 -.014 .412 .092** 
W .502 -.034-H- .413 .144** 
c .346 -.03244- .234 .194** 
Leaf K % H 1.74 .59** 2.04 -.01 
W 1.88 .73** 2.28 -.07 
c 1.01 .67 1.46 -.23* 
Leaf Ca % H 1.06 — .06 .97 .12** 
W 1.04 -.05 .98 .074-4-
C .69 -.19** .51 .17** 
Leaf Mg % H .42 -.10** .36 .02* 
W .39 -.10** .32 .04** 
C .58 -.31** .37 .14* 
Leaf Zn ppm H 48 -9 49 -10** 
W 43 -4 41 -2 
c 23 -2 26 "8** 
I I 
Significant at the 10% level of probability. 
* Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 23 (con't.)» 
Variable Crop 0-K 
Response 
to K 0-P 
Response 
to P 
1972 
Leaf Mn ppm H 44 -3 38 10** 
W 40 0 37 4* 
C 49 -14** 35 13** 
Leaf Cu ppm H 27 -15 27 —161 1 
W 13 10 26 -17 
C 6 4 11 -5 
Grain N % H 7.04 -.25 6.99 -.15 
W 6.48 0 6.29 .37 
c 1.20 -.04 1.10 .16** 
Grain P % H .716 .001 .625 .113** 
W .617 .035* .561 .147** 
C .255 .002 .223 .0661+ 
Grain K % H 1.94 .14** 1.96 .11** 
W 1.67 .24** 1.73 .11** 
C .299 — .018++' .274 .032** 
1373 
Yield (kg/ha) H 2845 8 2840 119 
W 2852 108 2602 67 
c * 8585 455++ 8169 1287** 
CSE 4159 220 3957 623 
Height (cm) H 66 4** 63 10** 
W 68 5** 66 9** 
Lodging H 2.3 .5++ 1.6 1.9 
W 3.2 .4 2.5 1.7** 
Barrenness C 730 1000* 730 1000* 
1974 
Yield (kg/ha) H 2829 261 2867 184 
W 2237 119 2276 41 
c * 6136 1510** 5603 2576** 
CSE 2972 730 2714 1248 
Height (cm) H 66 -1 63 5** 
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Table 23 (con't.). 
Response Response 
Variable Crop 0-K to K 0-P to P 
1974 
Height (cm) W 65 1 62 7** 
Lodging H 1.7 .1 1.5 .5** 
W 2.8 .5* 2.3 1.6** 
Barrenness c 6458 -2191 7035 -3345++ 
Leaf N % H 6.64 -.22++ 6.42 .22++ 
C 2.98 .02 3.02 -.05 
Leaf P % H .487 -.027 .409 .128** 
C .289 -.014 .208 .148** 
Leaf K % H 1.77 .30** 1.93 .02 
C .88 .87** 1.49 -.35** 
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The number and percentage of barren corn plants varied 
greatly with fertilizer treatment. AOV and the main effects 
(Table 23) showed that the number of barren plants was increased 
by P and reduced by K. There was greater barrenness at the higher 
than at the lower P rate and P + K treatments overcame most 
of the barrenness caused by the application of P alone. 
Treatment means for the large number of elements for which 
leaf analysis was performed are presented in Table 18. It should 
be pointed out that there was a large amount of uncontrolled 
and unexplainable variation in the measurement of Cu in the Hark 
and Wayne check plots. The concentration of all the elements 
in the soybean leaves fall in the sufficient or high category 
according to levels established by Jones (1967). The data in 
Tables 22 and 23 show that the level of most of these elements 
was influenced by the K and P treatments. Most notable was 
the positive effect of P on all the elements measured except 
Zn and Cu. Potassium had a positive effect on leaf K but a negative 
effect on the other elements. 
The com leaf analyses showed one deficiency and two possible 
fertility problems. Corn leaf samples from the check plots 
contained doubtful levels of K and those from the P treated plots 
contained less than 1% K, definitely a deficient level. AOV 
of the corn leaf K data showed that the main effect of P reduced 
leaf K .23% iC, which was a highly significant effect. As mentioned 
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earlier, P treatment alone seemed to induce K deficiency in the 
com plants. Low levels of P were found in samples from the K 
treatments. This indicates a possible response to P if K levels 
were high enough. The level of Zn in the com leaves from the 
high level P and P + K treatments was close to the 15 ppm level 
considered critical by Melsted et al. (1969) and was in the low 
category according to Jones (1967). The P treatments had a highly 
significant negative effect on the concentration of Zn in the 
leaves (Tables 22 and 23). Phosphorus treatment has frequently 
been observed to reduce the level of Zn in plants (Lucas and 
Knezek, 1972; and Tiffin, 1972). The other elements measured in 
the com leaves were in sufficiency categories. 
Correlation coefficients for the relationship among the 
nutrient elements measured in the leaves, the fertility treatments, 
and yield provide, another means of evaluating leaf analyses 
data. Some of these correlation coefficients are presented in 
Table 24. As shown by these coefficients and the AOV, the con­
centration of many of the elements was affected by the P and K 
treatments. There was also a great deal of intercorrelation 
between the leaf nutrients measured. This was especially true 
for leaf K, Ca, and Mg. It is a well-recognized fact that 
increasing the K concentration in plants decreases Ca and Mg 
levels. In the com leaves, Mn also appeared to be involved 
in this intercorrelation. Because of the intercorrelation of 
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Table 24. Correlation coefficients between leaf analyses, fertility 
treatments, and yields for corn (C) and Hark (H) and Wayne 
(W) soybeans in the 1972 P-K irrigated experiment 
(n = 32). 
Leaf Analyses 
Crop K Ca Mg Zn Mn Cu 
1970 F H -.03 .57** .18 -.35* .67** -.29++ 
W —. 08 .35* .29++ -.10 .45** -.26 
G -.28 .59** .31++ -.63** .48** -.31++ 
1970 K H .97** -.31+4- -.91** -.30+4- -.20 -.27 
W .95** -.29 -.83** -.23 .08 .15 
C .83** —, 66** -.71** -.12 -.54** .28 
1972 P H .04 . 33++ .11 -.21 .45** -.14 
W .03 .42* .21 .05 .40* -.15 
C -.07 .21 .11 -.62** .30 -.27 
1972 K H .57** -.26 -.57** — .26 -.02 -.16 
W .63** -.07 -.52** -.18 .23 -.15 
C .61** -.55** -.47** -.23 -.31++ .17 
Yield H .12 .14 -.25 -.09 .18 -.04 
T.T 
.26 -. 15 -.36* -. 06 .02 .03 
C .76** —.67** —.86** .05 —.69** .22 
Leaf N H -.32++ .18 .41* -.07 .24 .00 
W -.29 -.25 .13 .17 .27 .02 
C -.33++ .26 .30++ .06 .23 -.02 
Leaf P H — .08 .38* .16 -.40* .48** -.18 
W -.25 .17 .46** -.05 .32+4- -.20 
C -.32++ .57** .35* -.58 .50** -.37* 
Leaf K H 1.00 -.36* —.88** -.35* -.18 -.23 
W 1.00 -.26 -.38* -.15 .04 .12 
C 1.00 -.89** -.89** .06 —.72** .27 
Leaf Ca H 1.00 .50** .06 .67** .03 
"^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
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Table 24 (con't.). 
Leaf Analysis 
Crop K Ca Mg Zn Mn Cu 
Leaf Ca W 1.00 .56** .13 .37* .03 
c 1.00 .85** — • 26 .72** .39* 
Leaf Mg H 1.00 .29 .27 . 324+ 
W 1.00 .04 .08 -.10 
c 1.00 -.15 .70** -.25 
85 
leaf K with leaf Ca, Mg, and Mn, the latter were correlated with 
com yields which were greatly increased by K fertilization. 
Although Zn concentration approached critical levels in some 
of the treatments, it was not correlated with corn yield. 
The concentrations of the various elements in the Hark 
soybean levels were not correlated with yield. Magnesium was 
the only element in Wayne leaves correlated with yield. This cor­
relation was probably due to the same intercorrelation observed 
in the com data. Wayne soybeans showed a small yield response 
to K treatment, and the yield was positively correlated with leaf 
K which was increased by K treatment. In general, the leaf 
analyses for Ca, Mg, Zn, Mn, and Cu did not show any deficiencies 
or any meaningful relationship with yield in either the soybean 
or the com crop. 
Grain analyses for N, P, and K showed about the same results 
as in the P-K unirrigated experiment. The percentage of N in the 
grain of Hark and Wayne was unaffected by treatment and in corn 
was increased slightly by P treatment. The grain P content of 
Wayne soybeans was increased by both P and K while P in Hark and 
corn grain was increased primarily by the P treatment. Grain 
K in both Hark and Wayne was highly significantly increased by 
both P and K.. Corn grain K was increased by P and decreased 
slightly by K treatment. 
c. 1973 data Yield, height, lodging, and barrenness 
were the only characteristics measured in 1973. The treatment 
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means are presented in Table 19. Hark and Wayne soybean yields 
showed treatment effects of about the same size as in 1972. 
AOV of the soybean yield data in Table 21 does not show any 
statistically significant treatment effects. One reason for this 
was the much larger error terms in the 1973 data indicating 
more uncontrolled variation in the 1973 yields. The 1973 corn 
yields showed a highly significant response of 1,287 kg/ha 
to the P main effect. The 455 kg/ha response to the K main 
effect and 452 kg/ha attributed to the K x P interaction were 
significant at the 10% level of probability. The treatment means 
indicate that most of the response was due to the simple P effect 
of 837 kg/ha and to the K x P interaction. This is in marked 
contrast to 1972 when the primary response was to K and P showed 
negative effects. Very few barren plants were observed in 1973; 
however, both P and K gave small but significant increases in 
barrenness (Table 23). The marked difference in com response 
in 1973 compared to 1972 suggests a difference in the reaction 
of the com hybrids used in the two years. 
Heights of both Hark and Wayne plants were increased signifi­
cantly by K, P, and the K x P interaction. Most of the height 
increase was due to the P treatment and the K x P interaction, 
with only a 1 or 2 cm increase in height caused by K (Table 19). 
Lodging of Hark plants was increased by P, K, and the P 
X K interaction. Most of the increase in lodging was due to 
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P and the K x P interaction. The same trend was observed in 
lodging scores for Wayne, except only the P main effect was 
statistically significant. 
d. 1974 data Table 20 presents the treatment means 
for the data collected in 1974. The large mean squares for error 
(a) in the AOV (Table 21) makes it difficult to detect yield 
responses to K for either soybean variety. The coefficient of 
variation for error (a) in the Hark and Wayne was 14.1% and 15.9%, 
respectively. Corn yields were increased by K, P, and the 
K X P interaction (Tables 20 and 21). The simple effects indi­
cate that P gave a 1,537 kg/ha response, K a 469 kg/ha response, 
and K X P interaction a 1,040 kg/ha response. 
Soybean plant height and lodging were significantly increased 
by the main effects of P (Tables 21, 22, and 23), and lodging of 
Wayne plants was also significantly increased by K. This increase 
in height and lodging from the P treatments was observed in all 
four experiments. 
Barrenness in com was much greater in 1974 than in 1973. 
The main effects of K and P on barrenness (Table 23) are misleading . 
because the simple effect of K increased barrenness and P had 
little effect but the K x P interaction (significant at the 10% 
level) greatly reduced it. The higher rates of K and P alone 
greatly increased barrenness but the high rate of P + K reduced 
barrenness to almost zero (Table 20). 
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The N, P, and K leaf analyses (Table 20) show that Hark 
soybean plants contained sufficient levels of all three elements. 
Leaf N content was slightly reduced by K and increased by P 
treatments. Leaf P was greatly increased by P and leaf K by K 
f er tilization. 
Corn leaf analyses showed deficient levels of K in samples 
from the check and P only treatments, and low levels of P in 
those from the check and K only treatments. Com plants on the 
plots which received only P treatment showed visual K deficiency 
symptoms on the leaves. These low levels of leaf P and K were 
reflected in yield response to each element and especially in 
interaction effects. The deficiency of either P or K probably 
limited response to application of the other. 
The irrigated P-K experiment can be characterized by lack 
of significant soybean yield responses to P or K. The significant 
responses that did occur in Hark in 1972 were to the lower P 
level only. Corn positively responded to K, P, and the K x P 
interaction, the only exception being a negative P response in 
1972. Soybean plant height and lodging were increased by P treatment. 
Leaf analyses showed treatment effects on the level of plant 
nutrients measured but indicated the deficiencies did not occur 
except for K and sometimes P in the corn leaves. 
e. Comparison of Hark and Wayne soybeans The statistical 
technique used in comparing Hark and Wayne soybeans has already 
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been explained in the discussion of the P-K unirrigated experiment. 
Rather than present details of all the AOV's, only major differences 
in performance and in response to the treatments will be briefly 
summarized. 
The test for the difference between varieties was not 
statistically valid because the crops were planted in strips. 
However, the following possible varietal differences were indicated 
by AOV at a minimum probability level of 10%. Hark tended to 
yield more, and have higher concentrations of N and P in the 
grain and Mg in the leaves. Wayne was taller except in 1974, 
lodged more, and had higher concentrations of K in the leaves and 
grain. The variety means are given in the tables of treatment 
means (Tables 18, 19, and 20). 
The variety x treatment interactions were statistically 
valid tests of varietal differences in response to the treat­
ments. Hark and Wayne did not differ in grain yield or height 
response to the treatments in any of the three years. The variety 
X P interaction for lodging score was significant at the 10% 
level in 1972 and highly significant in 1974. Phosphorus treatment 
increased the lodging of Wayne more than Hark during both years 
(Table 23). The variety x P interaction was significant at the 10% 
level for grain N, leaf P, and leaf Mn variables. The variety x K 
interaction was highly significant for the grain K and significant 
for the leaf K. Table 23 shows the magnitude of these differences. 
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Probably the most important differences were that Wayne was more 
responsive to P and K as measured by leaf P concentration and leaf 
and grain K levels. 
f. Comparison of Hark soybeans and com Conversion of 
corn yield to soybean equivalent (GSE) was accomplished by 
multiplying corn yield by 0.4844. The data for the two crops 
are then combined in an AOV with crops as the whole-plots. 
Table 25 presents the AOV combining Hark soybean and corn yield 
data for each of the three years of the P-K irrigated experiment. 
Use of the crops term for a yield comparison is not statistically 
valid because the crops were grown in strips, but corn did appear 
to yield more in terms of soybean equivalent than soybeans. 
The real value of combining the crops in an AOV was to test 
the crop x treatment interactions. These AOV results and the 
P and K main effects (Table 23) show that corn was more responsive 
to K and the K x P interaction and less responsive to P in 1972. 
In 1973 corn was more responsive to P and in 1974 response to 
both K and P was greater than Hark soybean response. 
3. Combining and comparing the P-K unirrigated and irrigated 
experimental results 
a. Combined 1972 data for the two experiments A heavy 
rain occurred the day after irrigation was completed on the P-K 
irrigated experiment in 1972. Moisture stress did not occur 
during the rest of the growing season. Because the P-K unirrigated 
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Table 25. Analysis of variance of combined Hark soybean yield 
and corn yield (converted to soybean equivalent) data 
from the P-K irrigated experiment for 1972-1974 
Source d.f. 
Mean Squares 
1972 1973 1974 
Block 890,611 73,901 197,584* 
C (crop) 1 9 ,134,284* 30,005,740** 2,294,088** 
Error (a) 291,984 310,408 20,844 
K 1 5 ,712,697** 210,681 3,939,728** 
P 1 132,587 2,204,482** 8,207,508** 
KP 1 1 ,000,750* 305,804 1,676,701* 
CK 1 3 ,729,243** 179,352 881,017++ 
CP 1 645,010++ 1,015,560* 4,528,916** 
CKP 1 852,621* 104,329 519,300 
Error (b) 18 153,086 132,885 269,536 
A (application) 1 284,222++ 15,376 110,307 
CA 1 115,515 22,201 10,790 
KA 1 115,685 176 114,498 
PA I 212,867 31,329 4,539 
KPA 1 17,656 17,227 218,439 
CKA 1 1,165 7,098 112,309 
CPA 1 113,316 24,180 9,288 
CKPA 1 69,762 16,448 25,640 
Error (c) 24 72,284 72,004 103,495 
Total 63 
CV % (c) 7.7 7.5 10.2 
I I 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
92 
and the P-K irrigated experiment had received the same fertility-
treatments and there was no effective difference due to irrigation, 
it seemed reasonable to combine the data from the two experiments. 
This was accomplished by combining the data from the three repli­
cations of the unirrigated experiment with those from the four 
replications of the irrigated experiment to essentially produce 
a P-K experiment with seven replications. 
AOV results for 1972 Hark and Wayne soybean yield, height, 
and lodging and corn yield for this combined seven replication 
experiment are presented in Table 26. Combining the experimental 
results in this manner made it possible to gain statistical 
precision for evaluating some of the sources of variation that 
were of marginal significance when the experiments were analyzed 
separately. The AOV for Hark yield shows statistical significance 
for the K and P main effects but the most meaningful sources 
of variation are the application effect, the P x application 
interaction, and the K x P x application interaction. The 1972 
application, or higher application rate of fertilizer, reduced 
yield an average of 142 kg/ha. The highly significant P x appli­
cation interaction indicated that the P response was due to the 
lower P application with essentially no response to the higher 
level. The K x P x application interaction indicated that a 
158 kg/ha K x P response occurred at the lower P + K level but 
a -93 kg/ha response occurred at the higher level. These results 
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Table 26. Analysis of variance of 1972 soybean yield, plant height, 
and lodging scores, and of com yield data for the com­
bined P-K unirrigated and irrigated experiments. 
Source d.f. 
Mean Squares 
Hark Wayne Com 
Yield 
Block 6 182,374* 160,778 3,483,085* 
K 1 240,254++ 437,722* 61,186,770** 
P 1 370,663* 175 5,843,695* 
KP 1 43,346 231,043 7,912,574** 
Error (a) 18 54,653 90,983 916,295 
A (application) 1 281,728* 338,367 2,068,249* 
KA 1 67,624 219,876 195,168 
PA 1 551,632** 30,878 208,383 
KPA 1 146,063++ 195,291 218,316 
Error (b) 24 38,900 119,902 429,447 
Total 55 
CV % (b) 6.5 12.0 8.0 
Height 
Block 6 31.885 36.065 
K 1 208.285** 257.572** 
P 1 375.447** 305.045** 
KP 1 .003 34.729 
Error (a) 18 17.847 16.767 
A (application) 1 1.383 .540 
KA 1 .000 2.200 
PA 1 48.286** 3.352 
KPA 1 18.515++ 1.290 
Error (b) 24 5.072 4.911 
Total 55 
CV % (b) 5.2 4.3 
Lodging 
Block 6 .4760 .4707 
K 1 .2857 5.4688** 
P 1 6.0457** 19.8016** 
KP 1 .1029 .0016 
Error (a) 18 .2993 .4808 
^Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
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Table 26 (con't.)-
Mean Squares 
Source d.f. Hark Wayne Corn 
Lodging 
A (application) 1 .0350 .394544-
KA 1 .1207 .1716 
PA 1 .2579 1.0045** 
KPA 1 .0579 .0646 
Error (b) 24 .1016 .1004 
Total 55 
CV % (b) 16.3 10.6 
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indicate two things. One is that the additional fertilizer 
application in 1972 produced fertility levels which were definitely 
in the negative portion of the response curve. The other point 
is that adequate K is necessary before soybeans will respond to 
P. This latter point was also evident in the 1973 Hark data for 
the P-K unirrigated experiment and in the corn response to the 
K X P interaction throughout both experiments. 
The Hark plant height measurements, which provided a measure 
of plant growth response, showed the same response trends observed 
for the yields (Table 26). The simple effects of K and P were 
to increase height. The negative effect of the high P and K 
rates or levels was present only in the K x P interaction. 
There was a positive 1 cm K x P interaction at the lower fertility 
level and a -1.5 cm interaction at the higher level. Hark plant 
lodging data (Table 26) showed that P increased the lodging 
score from 1.6 to 2.3. 
Wayne soybeans showed much the same yield trends as Hark, 
especially the effect of the two levels of fertility on the 
K x P interaction. However, the 177 kg/ha yield increase from 
K was the only significant treatment effect. The larger error 
terms for the Wayne yield data made it difficult to measure 
treatment effects. 
Both P and K increased plant height and lodging of Wayne 
soybeans. The higher rate of K further increased lodging but 
the higher P rate decreased it. This P x application interaction 
96 
was highly significant but the differences involved were small. 
A highly significant K main effect and a significant P 
main effect are indicated in the AOV (Table 26) of com yield, 
but the highly significant K x P interaction is probably more 
important. From a check yield of 7,808 kg/ha, the P simple effect 
reduced yield 1,398 kg/ha, the K simple effect increased yield 
1,339 kg/ha, and the K x P interaction gave a 752 kg/ha response. 
These simple effects show the adverse effect of high levels of 
added P at low soil K levels and the necessity of balanced levels 
of these two nutrients for maximum response. The significant 
application effect was due to an average 385 kg/ha yield reduction 
from the higher fertility rates of P and K. 
The combined AOV of the N, P, and K analyses of leaf and 
grain samples did not show any new effects. Correlation co­
efficients showing the relationships between fertility treatments, 
leaf and grain analyses, yield, plant height, lodging, barren 
com plants, and soil pH (Table 27) provide a summary of the 
data. The fertilizer treatments are designated as the lower 
rates or the 1970 applications, and the higher rates or the 
combined 1970 and 1972 applications. 
Both P treatments positively influenced the P concentration 
in leaves and grain and K concentration in grain. The K treatments 
had a positive effect on soybean grain and leaf K concentration 
and a negative effect on all leaf N concentrations. The corre-
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Table 27. Correlation coefficients for Hark (H) and Wayne (W) soy­
bean and com variables measured in the 1972 P-K 
unirrigated and irrigated experiments (n = 64) 
1970 1970 .1976+72 1970+72 
Variable P K P K Yield Height Lodging 
Leaf N % H .27* —.40** .07 -.23++ -.01 .24 .29* 
W .05 -.23++ .06 -.34** .07 -.03 .02 
G 
.04 -.14 -.12 -.17 -.14 
Leaf P % H .70** -.04 .57** .02 .10 .47** .41** 
W .81** -.02 .54** — .06 .08 .38** .56** 
G .86** — .06 .65** .03 -.18 
Leaf K % H .05 .96** .07 .62** .15 .39** .13 
W .08 .96** -.01 .56** .30* .48** .41** 
G —. 08 .86** — .06 .62** .74** 
Grain N % H -.19 -.29* -.24* -.16 .02 .35** -.21-H-
W .22++ -.10 .16 -.05 .29* .05 .12 
G .43** .07 .31* .16 -.06 
Grain P % H .79** .07 .59** .15 .17 .39** .55** 
W .84** .25* .58** .26* .13 .50** .75** 
C .56** .15 .39** .23+4- .06 
Grain K % H .56** .67** .43** .53** .14 .63** .39** 
H .44** .79** .30* .54** .30* .62** .57** 
G .39** -.03 .30* .07 -.03 
Yield H .25* .20 -.27* -.09 1.00 
W .04 .26* -.11 -.03 1.00 
C -.03 .72** -.23+4- .36** 1.00 
Height H .56** .44** .22++ .27* .21++ 1.00 
W .55** .51** .23++ .25* ,12 1.00 
Lodging H .38** .16 .29** .08 .37** .54** 1.00 
W .71** .42** .37** .34** .16 .74** 1.00 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 27 (con't.). 
1970 1970 1970+72 1970+72 
P K P K Yield Height Lodging 
Barren C .25* -.52** .33** -.25* -.82** 
plants 
Soil pH —,43** — .06 -.30* -.03 
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lations show that yields were generally increased by the 1970 
F and K application but were generally reduced by the additional 
applications in 1972 except for the corn response to K. This 
provided additional evidence of adverse effects of the higher 
fertilizer rates. Height measurements show that plant growth 
of soybeans was increased by both the 1970 and 1972 P and K appli­
cations. Lodging of Hark soybeans was increased by the P treat­
ments while lodging of Wayne was Increased by both P and K. 
Barrenness in corn was increased by the P treatments, decreased 
by the K treatments, and inversely related to com yield. 
The relationships between the chemical analyses of the leaf 
and grain material and yield, height, and lodging was of interest. 
Corn yield was highly significantly correlated with com leaf 
K content, which might be expected in view of the yield response 
to K treatment. The relationship between corn leaf P and yield 
was not significant. Hark yield was not significantly correlated 
with any of the chemical analyses, but Wayne was slgnflcantly 
correlated with the 1970 K treatment and the K concentration in 
the leaves and the grain. The reason that the yield of Wayne 
was correlated with N in the grain can not be explained. The 
plant height and lodging increases for both soybean varieties 
were genera** ly correlated with P and K concentration xn the leaves 
and the grain. The negative correlation between P treatments 
and the soil pH indicates that the P treatments reduced soil 
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pH. The effect is slight but consistent as can be seen in 
Tables 6 and 17. The reason for this effect is unknown because 
concentrated superphosphate is a neutral salt and generally has 
no influence on soil reaction. 
b. Comparing the P-K unirrigated and the P-K irrigated 
experiments in 1974 Dry weather during July, 1974, offered 
the only opportunity to test the effects of irrigation on crop 
yield and yield response. In 1974 the P-K irrigated experiment 
was sprinkle irrigated twice during the month of July (Table 3). 
During this period, the plants in the unirrigated plots showed 
severe wilting during the day and other symptoms of moisutre 
stress. The moisture stress continued until July 27 when rains 
occurred. The Hark soybeans were leaf sampled on July 26, before 
the rain, and the corn was sampled on July 29 and 30 after the 
rain. 
The statistical analysis used in testing the irrigation 
effect assumed a split-split-plot design with irrigation as the 
whole-plots, P and K as the sub-plots, and application rate as 
the sub-sub-plots. Only three replications from the irrigated 
experiment were used in the AOV (because the P-K unirrigated 
experiment consisted of only three replications). 
The test of the irrigation effect was not statistically 
valid because irrigation was applied in strips across the field. 
The irrigation effect could not be measured with much precision 
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because the error term for testing this effect only contained 
two degrees of freedom. Irrigation had little if any influence 
on the yield of soybeans and corn. There was an irrigation x P 
interaction (significant at the 10% level of probability) in 
the com yield, indicating that more P response occurred under 
irrigation. Irrigation appeared to increase plant height of 
soybeans but the difference was not significant. Lodging was 
significantly higher under irrigation. 
The Hark soybean leaf samples from the irrigated plots con­
tained significantly higher levels of N and P. The P treatments 
increased leaf N and leaf P content more under irrigation. 
Irrigation resulted in a higher level of leaf P (significant 
at the 10% level) in com leaves. 
Although irrigation appeared to increase plant growth and 
improve the appearance of the plants, it had little if any effect 
on grain yield or yield response of the corn or soybeans to the 
P or K treatments. It did cause some definite differences in 
the N and P content of Hark soybean and com leaves. The moisture 
stress apparently was not severe enough to affect the grain 
yield of the crops. 
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B. N-P-K Experiment 
The N-P-K experiment was started in 1972. Table 28 presents 
the N, P, and K treatments and the soil test results obtained 
during the experiment. Prior to application of the fertility 
treatments in the spring of 1972, the soil on the experimental 
site tested very low in P and low in K. The 224 kg/ha rates 
of each P and K were applied in an effort to raise the soil test 
levels into the high classification, but not to the extremely 
high levels obtained in the P-K irrigated and unirrigated 
experiments. 
Nitrogen fertilization usually does not increase soybean yields 
nor is it usually profitable when yield response does occur 
(deMooy, Pesek, and Spaldon, 1973; and Welch, 1974). Although 
N responses were not expected, an N variable was included to see 
if a response might be obtained at the higher soybean yield levels 
hoped for in this study. As noted in Table 28, zero N treatment 
for com actually consisted of 128 kg/ha of N, or half of the 
N rate in the study, while the soybeans received no N. Recognizing 
that corn was not a legume, the half-rate of N was applied to 
assure reasonable corn yields. Stewart (1966) reported 74 to 81 
kg/ha of N fixed. Thus, the half-rate of N for corn was not 
much more than the estimated N fixation by soybeans. 
Table 28. Fertilizer rates applied and soil test results obtained in the N-P-K experiment 
Treatments 
Check N P N+P K N+K P+K N+P+K 
Soil test 
Apr., 1972 pp2m P 
pp2m K 
pH 
12 
104 
6.6 
13 
96 
6.6 
12 
101 
6.6 
11 
100 
6.6 
11 
103 
6.6 
10 
94 
6.6 
15 
100 
6.6 
13 
96 
6.6 
1972 fertili­
zation kg/ha N 
P 
K 
0^ 
0 
0 
255 
0 
0 
0® 
224 
0 
255 
224 
0 
0® 
0 
224 
255 
0 
224 
0^ 
224 
224 
255 
224 
224 
Soil test 
Apr., 1973 pp2m P 
pp2m K 
pH 
12 
119 
6.5 
14 
105 
6.5 
61 
113 
6.5 
51 
113 
6.5 
11 
175 
6.4 
11 
166 
6.4 
59 
188 
6.5 
49 
176 
6.6 
1973 fertili­
zation kg/ha N 
P 
K 
0^ 
0 
0 
255 
0 
0 
0^ 
28 
0 
255 
28 
0 
0^ 
0 
56 
255 
• 0 
56 
0* 
28 
56 
255 
28 
56 
Soil test 
Oct., 1973 pp2m P 
pp2m K 
pH 
9 
82 
6.6 
10 
81 
6.5 
73 
82 
6.6 
73 
101 
6.4 
10 
134 
6.5 
8 
128 
6.5 
60 
124 
6.5 
66 
131 
6.4 
1974 fertilization N 0^ 255 0® 255 0^ 255 0^ 255 
o 
w 
*Corn plots received 128 kg N/ha and soybeans received no N. 
104 
1. Field results and chemical analysis 
a. Soil test results The soil test results from samples 
collected in April of 1973 Indicated that soil P was in the high 
range and soil K in the medium range. Based on these results, 
the P and K rates were adjusted to hopefully maintain the soil 
P level and to raise the soil K level slightly. Phosphorus 
rates of 0 and 28 kg/ha and K rates of 0 and 56 kg/ha were applied 
in 1973. 
Soil test results from sançles taken in October, 1973, showed 
that the P level of the P-treated plots had increased slightly 
but was still in the high classification. The soil K level of 
the K-treated plots had droppped into the low-medium classification, 
but the large amount of K remaining in the vegetative portion of 
the com and soybean plants was net measured by this soil test. 
No additional P or K was applied in 1974. 
b. 1972 data The treatment means for all the variables 
measured in the N-P-K experiment are presented in Table 29 for 
1972. Leaf samples were analyzed for N, P, and K in each of the 
three years while grain samples were analyzed only in 1972 and 
1973. In 1972 the leaves were also analyzed for Ca, Mg, Zn, 
Mn, and Cu. Yield, plant height, lodging, and barrenness data 
were collected each year. 
All crops appeared to show some response to the fertility 
treatments in 1972 (Table 29). However, AOV of the yield data 
Table 29. 1972 N-P-K experiment treatment means for Hark (H) and Wayne (W) soybeans and for 
corn (C) 
Treatments 
Variable Crop Check N P N+P K N+K P+K 
N+P+K Mean 
Yield (kg/ha) H 
W 
CSE» 
3410 
3031 
7838 
3797 
3483 
3012 
7808 
3782 
3391 
2900 
7552 
3658 
3531 
3015 
6657 
3225 
3166 
2811 
8594 
4163 
3393 
2865 
8758 
4242 
3546 
3063 
9502 
4603 
3703 
3250 
8579 
4156 
3453 
2993 
8161 
3953 
Height (cm) H 
W 
45 
51 
47 
•54 
48 
55 
49 
57 
45 
53 
48 
60 
52 
54 
56 
64 
49 
56 
Lodging H 
W 
1.6 
2.5 
2.,0 
2.8 
2.5 
2.5 
2.7 
3.9 
1.8 
2.8 
1.8 
3.5 
2.5 
4.5 
2.8 
4.9 
2.2 
3.5 
Barrenness^ c 6920 13378 10764 17529 5689 7227 5997 10456 9745 
Q 
Barrenness c 11.3 20.4 17.2 28.0 9.2 1.11 9.7 17.0 15.5 
Leaf N % H 
w 
c 
6.57 
6.47 
2.64 
6.49 
9.85 
3.00 
6.66 
6.10 
2.75 
6.50 
6.02 
2.88 
6.11 
5.62 
2.76 
6.02 
5.70 
2.84 
6.55 
6.23 
2.75 
6.38 
5.85 
2.98 
6.41 
5.98 
2.82 
Leaf P % H .402 .462 .518 .539 .393 .419 .512 .495 
.467 
*Corn yield converted to soybean equivalent. 
^Barren corn plants per ha. 
Percent barren corn plants. 
Table 29 (con't.). 
Variable Crop Check N 
Leaf P % W .400 .461 
C .228 .262 
Leaf K % H 1.78 1.65 
W 1.93 1.75 
C 1.19 1.13 
Leaf Ca % H 1.16 1.09 
W 1.01 .98 
C .59 .55 
Leaf Mg % H .64 .72 
W .56 .61 
C .63 .70 
Leaf Zn ppm H 59 77 
W 42 45 
C 33 41 
Leaf Mn ppm H 49 52 
W 39 41 
C 35 39 
Leaf Cu ppm H 21 18 
W 24 26 
C 10 11 
Treatments 
N+P K N+K P+K ÏH-P+K Mean 
.503 
.362 
1.73 
1.86 
1.00 
1.2,0 
1.04 
.64 
.70 
. 60  
.69 
46 
33 
25 
1)4 
45 
43 
13 
24 
10 
.520 
.384 
1.58 
1.74 
.93 
1.19 
1.13 
.69 
.76 
. 68  
.84 
54 
39 
35 
65 
47 
45 
14 
24 
10 
.401 
.209 
2.25 
2.46 
1.44 
1.08 
.95 
.54 
.55 
.45 
.55 
53 
58 
41 
52 
40 
31 
17 
25 
10 
.398 
.191 
2.17 
2 .26  
1.55 
1 . 1 0  
.98 
.51 
.59 
.50 
.48 
79 
42 
50 
64 
41 
34 
18 
27 
9 
.482 
.365 
2.14 
2.41 
1.58 
1 . 1 8  
1 .02  
.58 
.57 
.47 
.44 
49 
34 
28 
64 
40 
31 
15 
22 
9 
.555 
.356 
2.01 
2.28 
1.36 
1 . 1 2  
1.01  
.60 
.60 
.54 
.52 
47 
37 
58 
64 
53 
40 
13 
23 
14 
.465 
.295 
1.91 
2.08 
1.27 
1.14 
1.01 
.59 
.64 
.55 
. 6 1  
98 
41 
37 
58 
43 
37 
16 
24 
10 
Table 29 (con't.). 
Variable Crop Check N P 
Grain N % H 7.08 7.22 6.99 
W 7.07 7.17 7.09 
c 1.16 1.23 1.28 
Grain P % H .547 .571 .754 
W .558 .534 .664 
C .207 .202 .281 
Grain K % H 1.86 1.82 1.96 
W 1.72 1.69 1.75 
C .270 .252 .309 
Treatments 
N+P K N+K P+K N+P+K Mean 
7.02 
7.05 
1.35 
6.98 
6.91 
1.18 
7.02 
7.06 
1.22 
6.88 
6.78 
1.23 
6.81 
6.82 
1.43 
7.00 
6.99 
1.26 
.770 
.660 
.268 
.500 
.490 
.175 
.536 
.501 
.168 
.771 
.683 
.291 
.781 
.678 
.288 
.653 
.596 
.235 
1.96 
1.70 
.288 
1.90 
1.83 
.267 
1.91 
1.82 
.266 
2.06 
1.93 
.325 
2.06 
1.86 
.296 
1.94 
1.79 
.284 
H-• 
o 
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presented in Table 30 indicates that Hark yield was not significantly 
affected by any of the fertility treatments. Although it was 
not significant, a 180 kg/ha main effect response to P did occur. 
In Wayne none of the main effects were significant but a K x P 
interaction significant at the 10% level of probability did occur. 
This interaction occurred because P or K alone tended to reduce 
yields (Table 29), but together gave a modest yield increase. 
Com showed a highly significant 1,395 kg/ha response to the main 
effect of K, but small negative responses of 177 and 422 kg/ha 
to the main effects of P and N, respectively. This negative response 
of com to N represented the response to the increase from the 
128 kg/ha basic rate to the 255 kg/ha rate. 
Plant height measurements taken July 11 and 12 showed 
large growth responses to the fertility treatments. AOV of Hark 
height data (Table 32) showed highly significant N, P, and K 
main effects and a P x K interaction. The main effect shows 
that N increased height about 3 cm. The simple effect of P was 
to increase height about 3 cm, while K alone did not increase 
height. The calculated P x K interaction effect was 2.5 cm. 
The height of Wayne was significantly Increased by the P main 
effect and the K x N interaction. The P main effect increased 
height 4 cm. The N and K simple effects increased height about 
3 cm and 2 cm, respectively, while the K x N interaction increased 
height 2.5 cm. 
Table 30. Analysis of variance of yield, height, and lodging data in the N-P-K experiment, 
1972-1974 
Mean Squares 
Yield Height Lodging 
Source d.f. Hark Wayne Corn Hark Wayne Hark Wayne 
1972 
Block 3 22,307 42,181 917,283 4.138 6.297 .9395** .8487 
K 1 78 481 15,562,620** 82.240** 92.820** .0028 4.6512** 
P 1 258,481 129,541 250,632 107.569** 77.190* 5.0403** 13.2613** 
N 1 177,608 57,461 1,420,455 46.320** 250.320** .3403 1.4450* 
KP 1 218,791 292,613++ 2,346,861 41.178** .025 .0078 .6612 
KN 1 14,706 10,513 13,613 6.938 62.441* .0528 .0450 
FN 1 13 35,378 1,903,200 .475 4.425 .0028 .0050 
KPN 1 9,453 0 24,753 3.063 7.900 .1378 .0200 
Error 21 140,499 80,965 1,100,780 5.017 9.928 .1447 .2688 
Total 31 
CV % 10.9 9.5 12.9 4.6 5.6 17.3 14.8 
1973 
Block 48,403 111,557 313,884 27.189** 20.691 .3800 .5233 
K 183,618 57,207 418,384 137.781** 225.251** 2.0000* 3.6450** 
P 116,162 7,719 10,885,610** 273.779** 438.822** 20.4800** 23.8050** 
N 221,445 167,765 377,363 35.280* 44.415* .7200 .2450 
KP 88,621 94,287 717,902++ 116.282** 68.738* 1.2800* .0200 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 30 (con't.). 
Mean Squares 
Yield Height Lodging 
Source d.f. Hark Wayne Corn Hark Wayne Hark Wayne 
1973 
KN 29,403 22,952 240,298 9.031 .138 .5000 .1800 
PN 3,828 25,708 1,323,157* 18.301++ 1.575 .5000 .0200 
KPN 194,376 4,301 186,813 6.480 65.265* .0800 .0450 
Error 79,574 115,683 225,987 5.054 9.363 .2791 .2805 
Total 
CV % 8.5 12.4 5.6 3.2 4.2 20 .'3 15.1 
1974 
Block 31,124 25,630 367,172 154.845** 27.655++ .2883* .4546++ 
K 98,235 13,861 7,211,452* 75.501* 6.125 .1800++ .3612 
P 829,794** 923,265** 63,407,870** 341.912** 465.125** 6.8450**30 .0312** 
N 4,777 197,192* 376,929 349.802** 172.981** 1.8050** .0112 
KP 187,731++ 273,430* 7,693,983** 9.901 10.125 .1800++ .1012 
KN 69,099 3,321 1,315,036 1.901 50.000* .0800 .0613 
PN 3,806 3,281 1,835,049 168.361** 54.080* 1.1250** .1512 
KPN 30,074 16,290 538,463 34.861++ 46.080++ .3200* .2133 
Error 48,353 38,449 951,225 10.628 11.266 .0607 .1503 
Total 
CV % 7.6 9.1 13.4 4.7 4.9 11.7 12.3 
\ 
Ill 
Lodging of Hark appeared to be primarily Increased by P, 
as shown by the highly significant P term in the AOV of lodging 
scores (Table 30). The P main effects increased the lodging 
score from 1.8 to 2.6. 
Each of the added nutrients individually increased lodging 
of Wayne soybeans and these effects were additive as indicated 
by the 4.9 lodging score for the N + P + K treatment. The latter 
score represents almost complete prostration of the plants. 
Although not emphasized in the previous sections, increases 
in soybean plant height have been highly significantly correlated 
with Increases in lodging scores. While both P and K have tended 
to increase the height of soybeans, the increase in lodging 
score has been more closely related to P than to K fertilization. 
In the N-P-K experiment it is interesting to note that the height 
of Hark soybeans was increased by the N, P, and K treatments and 
by a P X K interaction but lodging was increased only by P. 
In Wayne soybeans, the increase in lodging score was greater for 
the P main effect than for K or N. 
The statistically significant sources of variation in the 
AOV of barrenness and chemical analysis data are listed in 
Table 31. The N, P, and K main effects are presented in Table 32. 
The number of barren corn plants was significantly decresed 4,805 
plants/ha by the K main effects and significantly increased 
4,805 plants/ha by the N main effects (increasing N application 
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Table 31. Analysis of variance of barrenness in com and leaf and 
grain chemical analysis in the N-P-K experiment, 1972-74 
Variable Crop Significant terms^ in AOV CV % 
1972 
Barren plants Corn K*, N* 49.6 
Leaf N % Hark K*, P* 4.6 
Wayne Block* 8.5 
Com N**, KPN* 3.9 
Leaf P % Hark p** 10.0 
Wayne P**, K**, KPN* 7.6 
Corn K*, P**, KP-H- 10.1 
Leaf K % Hark K**, P*, N** 6.3 
Wayne K**, N** 4.9 
Com K**, P**, KP*, PN*, KPN* 7.8 
Leaf Ca % Hark P-H- 7.7 
Wayne 1'**, KPN+f 5.8 
Com K**, P**, PN** 4.7 
Leaf Mg % Hark K**, P**, N**, KP-H- KN++ 3.9 
Wayne K**, P**, N** 5.7 
Com K**, N++, KP*, KN++, PN* 12.4 
Leaf Zn ppm Hark P**, N*, PN* 22.1 
Wayne P* 26.7 
Corn K*, N* 42.2 
Leaf Mn ppm Hark K++, P*, N* 14.0 
Wayne Block**, P**, N*, KPNH- 11.6 
Corn Block*, K**, P*, N* 14.3 
Leaf Cu ppm Hark Block**, P** 20.7 
Wayne P-H- 13.0 
Cora Block* 45.8 
Grain N % Hark K**, P** 1.7 
^erms are; N, P, and K are fertility treatments. 
^ I 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 31 (con't.). 
Variable Crop Significant terms^ in AOV CV % 
1972 
Grain N % Wayne K**, P* 1.9 
Com P**, N** 6.7 
Grain P % Hark P**, IH-f, KP* 5.0 
Wayne P**, KP** 4.7 
Com P**, KP** 8.8 
Grain K % Hark K**, P**, KP-H- 1.5 
Wayne K**, P*, N-H- 2.8 
Com P**, N** 5.4 
1973 
Barren plants Corn K* 76.3 
Leaf N % Hark K*, P**, KP-H- 2.8 
Wayne K**, P*, IH4-, KPN** 3.9 
Com K**, P**, N**, KP-H- 2.8 
Leaf P % Hark K*, P**, N*, PN++ 7.7 
Wayne p** 15.3 
Corn dxOCK.") p —, Ph — 8.3 
Leaf K % Hark K**, N**, KPN* 3.3 
Wayne K**, P**, N**, KP-H-, PN++ 7.0 
Com K**, P* 6.5 
Grain N % Hark P**, N-H- 3.5 
Wayne N++ 3.6 
Corn N-H- 5.1 
Grain P % Hark p** 6.6 
Wayne K-H-, P**, KP* 16.4 
Corn p** 7.4 
Grain K % Hark K**, P**, N** 2.2 
Wayne K**, N*, KP++ 4.7 
Corn Block-H-, P**, N++ 4.9 
1974 
Barren plants Com p** 65.4 
Leaf N % Hark Block**, P**, KPNf+ 4.7 
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Table 31 (con't.). 
Variable Crop Significant terms^ in AOV CV % 
1974 
Leaf N % Wayne K*, P* 6.4 
Com P*, N** 4.9 
Leaf P% Hark Block++, P** 12.8 
Wayne K*, P** 16.7 
Com K**, p** 
Leaf K % Hark Block**, K** 9.5 
Wayne K**, N** 9.4 
Com K**, p** 6.4 
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Table 32. Main effects of N, P, and K fertilization on variables 
measured in the N-P-K experiment, 1972-1974 
Response Response Response 
Variable Crop 0-N to N 0-P to P 0-K to K 
1972 
Yield H 3378 149 3363 180 3454 -2 
(kg/ha) W 2951 85 2970 127 2989 8 
C _ 8372 -422 8249 -177 7463 1395** 
CSE 4055 -204 3996 -86 3615 676 
Height H 47 3** 46 5** 47 3** 
(cm) W 53 5** 55 3* 54 4** 
Lodging H 2.1 .2 1.8 .8** 2.2 0 
W 3.3 .5* 2.9 1.3** 3.2 .7* 
Barren c 7342 4805* 8303 2884 12148 -4805* 
plants/ha 
-.12 Leaf N % H 6.47 6.30 .23* 6.55 -.28* 
W 6.10 -.25 5.91 .14 6.11 -.27 
C 2.72 .19* 2.80 .04 2.80 .03 
Leaf P % H .455 .023 .419 .097** .480 -.025 
W .447 .036 .415 .100** .471 -.012** 
c .291 .007 .223 .144** .309 -.029* 
Leaf K % H 1.97 -.12** 1.96 -.10* 1.68 .46** 
W 2.16 -.15** 2.10 -.03 1.82 .53** 
C 1.30 —.06++ 1.33 -.13** 1.06 .42** 
Leaf Ca % H 1.15 -.02 1.11 « 061 1 1.16 -.04 
W 1.00 .02 .98 .07** 1.04 -.05* 
c .59 -00 .55 .08** .62 -.06** 
Leaf Mg % H .61 .05** .62 .03** .70 -.13** 
W .52 .06** .53 .04** .61 -.12** 
^Com converted to soybean equivalent. 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
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Table 32 (con't.). 
Response Response Response 
Variable Crop 0-N to N 0-P to P 0-K to K 
1972 
Leaf Mg % C .58 .05* .59 .03 .72 -.22** 
Leaf Zn ppm H 51 13* 66 -18** 59 -2 
W 41 -1 47 -11** 40 3 
C 32 12* 41 -7 31 13* 
Leaf Mn ppm H 55 6* 54 8* 55 5++ 
W 41 4* 40 6** 43 1 
C 35 5* 35 5* 40 —6** 
Leaf Cu ppm H 16 0 18 -5** 16 0 
W 24 1 25 -2++ 25 -1 
C 10 1 10 1 10 0 
Grain N % H 6.98 .04 7.07 —. 2** 7.08 —, 2** 
W 6.96 .06 7.05 -.12* 7.10 -.21** 
C 1.21 .09** 1.20 .12** 1.25 .01 
Grain P % H .642 .022++ .538 .231** .660 -.04 
W .599 -.005 .521 .150** .604 -.015 
C .238 -.007 .188 .090** .239 -.008 
Grain K % H 1.94 0.00 1.87 .14** 1.90 .09** 
W 1.81 0.044+ 1.77 .05* 1.72 .14** 
C .293 —,018** .264 .040** .280 .008 
1973 
Yield u 3396 -166 3253 120 3237 152 
(kg/ha) w 2821 -145 2733 31 2706 85 
c _ 8672 -217 7980 1.167** 8449 229 
CSE 4201 -105 3866 565 4093 111 
Height H 69 2* 67 6** 68 4** 
(cm) W 71 3* 69 7** 70 5** 
Lodging H 2.5 .3 1.8 1.6** 2.4 .5* 
W 3.6 -.2 2.6 1.7** 3.1 .7** 
Barren C 2153 -116 1807 576 1307 1576* 
plants/ha 
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Table 32 (con't.). 
Response Response Response 
Variable Crop 0-N to N 0-P to P 0-K to K 
1973 
Leaf N % a 5.84 -.07 5.72 .17** 5.88 -.15* 
w 5.44 -.144+ 5.29 .16* 5.51 -.29** 
c 2.92 .12** 2.91 .15** 3.04 -.11** 
Leaf P % H .435 .035* .379 .148** .466 -.026* 
W .418 -.026 .353 .103** .413 -.017 
C .302 -.002 .223 .156** .318 -.033** 
Leaf K % H 1.96 -.18** 1.89 -.03 1.72 .31** 
W 2.02 -.32** 1.98 -.21** 1.65 .42** 
C 1.56 -.04 1.58 —. 08* 1.14 .80** 
Grain N % H 6.36 .1444- 6.31 .25** 6.48 -.10 
W 6.45 . 16++ 6.47 .14 6.50 .06 
C 1.33 .lO+f 1.39 -.01 1.38 .00 
Grain P % H .570 .001 .453 .235** .582 -.022 
W .545 -.041 .466 .117** .554 -.059++ 
C .219 -.003 .179 .077** .214 .007 
Grain K % H 1.96 -.05** 1.87 .14** 1.89 .10** 
W 1.94 -.08* 1.87 .05 1.86 .08** 
C .319 —.011++ .293 .041** .312 .003 
1974 
Yield H 2887 23 2738 322** 2843 111 
(kg/ha) W 2237 -157* 2030 256** 2137 42 
C 7369 -217 5853 2815** 6785 949* 
CSE® 3570 -105 2835 1364 3287 460 
Height H 66 6** 66 7** 67 3* 
(cm) W 66 5** 65 7* 68 1 
Lodging H 1.8 .5** 1.6 .9** 2.0 .1++ 
W 3.1 .1 2.2 1.9** 3.0 .3 
Barren C 3844 385 6063 -3998** 4575 -1077 
plants/ha 
Leaf N % H 5.93 .10 5.81 .35** 5.97 .02 
W 5.61 -.11* 5.38 .33* 5.71 -.33* 
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Table 32 (con't.)» 
Response Response Response 
Variable Crop 0-N to N 0-P to P 0-K to K 
1974 
Leaf N % C 2.69 .15** 2.71 .11* 2.75 .03 
Leaf P % H .421 .027 .382 .106** .450 -.03 
W .399 .004 .335 .132** .427 -.052* 
C .260 .010 .192 .146** .281 -.031** 
Leaf K % H 1.65 -.07 1.64 -.05 1.45 .33** 
W 1.94 —.18** 1.89 —. 08 1.67 .36** 
C 1.21 .04 1.36 -.26** .91 .64** 
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from 128 kg/ha to 255 kg/ha). 
The soybean leaf analyses in Table 29 indicate that all 
measured elements were present in sufficient or high levels 
according to the criteria of Jones (1967). A border line level 
of K in Hark leaves from plants receiving the N and N + P treat­
ments was the only exception. The data in Tables 31 and 32 show 
that the concentrations of all the elements measured in the leaves 
were affected by the fertilizer treatments. The most striking 
effects were the highly significant increase in leaf and grain 
P concentration by the P treatments and the highly significant 
increases in leaf K concentration by K treatment. Other main 
effects and interactions were significant but the magnitude of 
the effects were small. Nitrogen had little effect on the leaf 
or grain analysis of soybeans except to decrease K and increase 
Mg and Mn concentrations. Phosphorus treatments increased N, 
Ca, Mg, and Mn in the leaves and K in the grain and decreased 
N and K in the grain and K, Zn, and Cu in the leaves of soybeans. 
Potassium decreased leaf N, P, Ca, and Mg and grain N concentra­
tions . 
The corn leaf analyses in 1972 indicate that the K concen­
tration was low to deficient on the plots not receiving K treat­
ments. The P content of the samples from the K alone treatment 
was also low. Concentrations of the other elements measured in 
the corn leaves were all in the sufficiency range specified by 
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Jones (1967). The fact that corn showed yield responses to K 
fertilization substantiates the K deficiency condition indicated 
by the leaf analysis. The effect of fertilizer treatment on corn 
leaf and grain analyses was much the same as for soybeans (Tables 
31 and 32). The P treatment Increased P levels in the leaf and grain 
samples and K treatment Increased K in the leaf samples. Unlike 
soybeans, corn leaf and grain N concentrations were highly 
significantly Increased by N treatment. The N treatments also 
caused small but signfleant Increases in leaf Mg, Zn, and Mn 
and decreases in leaf K and grain K concentrations. The P main 
effects caused highly signfleant increases in corn leaf Ca and grain 
N and K concentrations while it reduced leaf K concentration. 
Leaf P, Ca, Mg, and Mn were reduced by K treatment while Zn was 
increased. With the exception of the N, P, and K treatment effects 
on the level of these nutrients, the treatments caused only small 
changes In the concentrations of the other elements measured. 
Table 33 presents the correlation coefficients between the 
concentration of the nutrient elements measured and the fertility 
treatments, yield, height, and lodging scores. Hark soybean 
yield was signfIcantly correlated with the P concentration in 
the grain and with plant height. Yet Hark plant height and lodging 
were highly significantly correlated with leaf P and grain P and K. 
Lodging and plant height had a highly significant correlation 
coefficient of 0.52. Wayne soybean yield was significantly 
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Table 33. Correlation coefficients for Hark (H) and Wayne (W) 
soybeans and corn variables measured in the 1972 N-P-K 
experiment (n =» 32). 
Treatments 
Variable Crop N P K Yield Height Lodge 
Yield H .22 .26 -.00 1.00 .36* .04 
W .16 .23 .01 1.00 .03 .23 
C -.17 -.07 .57** -1.00 - — 
Leaf N H -.19 .34* -.44* .21 .07 .25 
W -.22 .13 -.23 .04 -.19 -.12 
c .65** .15 .09 -.11 
Leaf P H .17 .73** -.19 .27 .45** .62** 
W .28 .78** -.04 .28 .39* .96** 
c .05 .91** -.18 -.12 
Leaf K H -.23 -.19 .87** -.01 .20 -.12 
W -.27 -.04 .91** .00 .12 .3044-
G -.12 .22 .85** .69** 
Leaf Ca H -.15 .33++ -.23 -.07 .12 .13 
W .13 .49** —. 26* .37* -.02 .24 
C .03 .67** -.52** -.59** 
Leaf Mg H .35* .22 —•84** .09 -.15 .17 
W .40* .27 -.79** .16 -.07 -.15 
C .19 .12 -.76** -.74** 
Leaf Zn H .38* -.55** -.05 — .06 -.23 -.37* 
W -.05 -.45** .12 -.34++ -.11 -.26 
C .3344- -.19 .36* .24 
Leaf Mn H .33++ .39* .3044- .11 .45** .324+ 
W .28 .39* .05 .04 .45** .55** 
C .3344- .35* -.45** -.34++ 
Leaf Cu H .05 -.48** -.07 — .06 -.19 — .16 
I I 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 33 (con't.). 
Treatments 
Variable Crop N P K Yield Height Lodge 
Leaf Cu W .20 -.34** -.07 .24 .23 -.05 
c .13 .10 —.06 .04 
Grain N H .11 -.47** -.50** -.02 —. 40* —.26 
W .17 35** -.58** -.04 -.25 -.54** 
C .45* .55** .03 -.27 
Grain P H .09 .95** —. 06 .39* .69** .63** 
W -.04 .93** -.10 .29++ .28 .64** 
C —. 08 .90** —. 08 -.10 
Grain K H -.03 .79** .50** .26 .80** .48** 
W -.20 .24 .78** .06 .41* .56** 
C -.32++ .75** .16 .12 
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correlated with leaf Ca and grain P and negatively correlated 
at the 10% level of probability with Zn. Wayne height was signifi­
cantly or highly significantly correlated .with leaf P and îfa 
and grain K. Lodging in Wayne was correlated with leaf P, K, 
and Mn and with grain N, P, and K. The correlation coefficient 
of 0.67 between Wayne lodging and height measurements was highly 
significant. These correlation coefficients indicate that the 
soybeans made growth responses to the treatments but these responses 
were not reflected in increased grain yield. Also, the absence 
of consistent correlation between the chemical analyses and yield 
suggested that soybeans were obtaining enough of these elements 
from the soil without the addition of fertilizer nutrients. 
Com showed a yield response to the K treatments. This response 
was highly correlated with the increase in K in the com leaves. 
Because increases in leaf K are usually acccmpanied by decreases 
in Ca, Mg, and Mn, the concentrations of these three elements 
were negatively correlated with com yield. 
c. 1973 data From the 1973 yield data shown in Table 34, 
it appears that Hark soybeans and corn responded to fertility 
treatment but Wayne did not. However, the AOV does not show any 
significant treatment effects on either soybean variety. Com 
yield shows a highly significant P main effect response of 1,167 
kg/ha. A significant P x N interaction was due to a negative N 
response without P and a positive N response with P. The inter-
Table 34. 1973 N-P-K exp«riment treatment means for Hark (H) and Wayne (W) soybeans and for 
corn (C) 
Treatments 
Variable Crop Check N P N+P K N+K P+K N+P+K 
Mean 
Yield (kg/ha) H 
W 
csV 
3194 
2807 
8165 
3955 
3266 
2683 
7867 
3811 
3387 
2696 
8778 
4252 
3103 
2639 
8988 
4354 
3456 
2860 
8420 
4079 
3095 
2582 
7470 
3619 
354& 
2920 
9327 
4518 
3455 
2801 
9496 
4599 
3313 
2748 
8564 
4148 
Height (cm) H 
w 
66 
65 
67 
70 
68 
73 
69 
72 
67 
70 
67 
70 
74 
78 
79 
83 
70 
78 
Lodging H 
W 
1.6 
2.5 
2.0 
2.2 
2.6 
4.2 
3.3 
3.8 
2.0 
3.0 
1.7 
2.9 
3.7 
4.7 
4.1 
4.8 
2.6 
3.5 
Barrenness^ c 1076 1691 1076 1384 1845 2614 4613 2460 2095 
Barrenness^ c 1.9 2.9 1.9 2.4 3.1 4.5 7.9 4.2 3.6 
Leaf N % H 
W 
c 
5.81 
5.43 
2.92 
5.90 
5.56 
2.96 
6.04 
5.75 
3.04 
5.79 
5.32 
3.23 
5.64 
5.22 
2.80 
5.55 
4.93 
2.96 
5.90 
5.36 
2.91 
5.85 
5.38 
3.05 
5.81 
5.37 
2.48 
Leaf P % H .380 .423 .498 .562 .366 .348 .498 .549 .453 
*Corn yield converted to soybean equivalent. 
^Barren corn plants per ha. 
^Percent barren corn plants. 
Table 34 (con't.)» 
Treatments 
Variable Crop Check N P N+P K N+K P+K N+P+K Mean 
Leaf P % W .369 .377 .491 .417 .356 .310 .456 .462 .405 
C .243 .233 .389 .407 .224 .194 .354 .368 .301 
Leaf K % H 1.85 1.61 1.75 1.65 2.11 1.98 2.11 1.90 1.87 
W 1.98 1.70 1.71 1.28 2.25 2.03 2.19 1.81 1.86 
c 1.24 1.16 1.08 1.08 1.95 1.97 1.95 1.98 1.54 
Grain N % H 6.29 6.31 6.52 6.80 6.25 6.39 6.39 6.52 6.43 
W 6.29 6.46 6.46 6.80 6.51 6.63 6.55 6.94 6.53 
C 1.33 1.48 1.33 1.39 1.34 1.42 1.31 1.45 1.39 
Grain P % H .477 .469 .674 .707 .446 .421 .683 .699 .571 
W .574 .479 .556 .606 .427 .383 .624 .548 .524 
c .180 .181 . 254 .242 .178 .179 .265 .264 .218 
Grain K % H 1.88 1.76 1.96 1.95 1.94 1.90 2.01 2.04 1.94 
W 1.93 1.80 1.88 1.83 1.91 1.85 2.04 1.94 1.90 
C ,294 .286 .346 .323 .296 .298 .340 .326 .314 
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action produces a 407 kg/ha response. The P x K interaction 
significant at the 10% level was due to a greater response from 
P + K than to the two alone. The calculated yield increase from 
the interaction is 300 kg/ha. The simple effect of the P treatment 
is a 613 kg/ha response. 
The AOV for plant height measurements in Table 30 shows that 
the growth of Hark and Wayne was significantly increased by all 
three of the added fertilizer elements. Growth of both varieites 
was positively influenced by P x K and other interactions. Despite 
the increased growth, grain yields were not increased by fertility 
treatment. 
The large increases in plant height resulted in severe lodging 
in both Hark and Wayne soybeans. The treatment means in Table 
34 show that Wayne was almost prostrate on the P + K and N + P + K 
treated plots. Hark soybeans lodged a great deal more in 1973 
than in 1972. The AOV for lodging score in Table 30 shows highly 
significant P main effects for both Hark and Wayne. Hark also 
showed a significant K main effect and a P x K interaction. Wayne 
showed a highly significant K main effect. The lodging score 
increases from the P main effect was 1.6 and 1.7 for Hark and 
Wayne, respectively (Table 32). 
The number of barren corn plants (Table 34) was considerably 
lower in 1973 than in 1972. AOV of barren plants showed only a 
significant K main effect, which increased barrenness 1,576 
plants/ha. 
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The 1973 leaf analyses are presented in Table 34. Hark and 
Wayne soybean leaves appeared to contain sufficient levels of N, 
P, and K. The K content of Wayne leaves from the N + P treated 
plants appeared to be low but was not associated with reduced 
yield or plant height. Com leaf analyses showed an adequacy 
of N but samples from plots not receiving P or K were low in these 
elements. The K level in com leaves was not as critically low 
as it was in 1972 and suggests a possible varietial effect as 
discussed earlier. 
The effects of fertility treatments on the N, P, and K 
concentration in the leaves and grain of the soybean varieties 
and corn are summarized in Tables 31 and 32. Several statistically 
significant interactions are indicated, but their effects are 
szsll. Phosphorus noticeably increased all of the N, P, and K 
analyses except leaf K. The K treatments generally increased K 
and decreased N and P in leaf and grain samples. Nitrogen effects 
were small, but tended to increase com leaf N as well as grain 
N for all the crops. Nitrogen treatment reduced the N level in 
Hark and Wayne leaves and K in the leaves of both crops. 
Correlation coefficients showing the relationship among some 
of the 1973 variables are presented in Table 35. Most of these 
relationships have already been discussed, but some new ones are 
shown. Hark yield was negatively correlated with N fertilization 
and positively correlated with leaf N and K at the 10% level of 
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Table 35. Correlation coefficients for Hark (H) and Wayne (W) 
soybeans and com variables measured in the 1973 
N-P-K experiment (n = 32) 
Treatments 
Variable Crop N P K Yield Height Lodging 
Yield H -.30H- .21 .26 1.00 
W -.23 .05 .13 1.00 
C -.13 .74** .15 1.00 
Height H .23 .59** .92* .32++ 1.00 
W .21 .63** .45** .21 1.00 
Lodging H .15 .79** .25 .36* .77** 1.00 
W -.08 .82** .324+ .28 .80** 1.00 
Leaf N H -.16 .41* -.37* .33++ .32++ .36* 
W -.26 .29 -.50** .19 .10 .20 
C .49** .53** -.38* . 32++ 
Leaf P H .21 .88** -.15 .23 .66** .83** 
W — .16 .67** -.11 .43* .56** .67** 
C -.01 .93** -.20 .80** 
Leaf K H -.45 .09 .83** . 32++ .20 .04 
W -.50** -.37* .67** .26 .02 .05 
C -.04 -.10 .97** .04 
Grain N H .3(H4- .49** -.19 .04 .32++ .50** 
W .34++ .23 .12 -.28 .13 .20 
C .62** -.13 .01 -.19 
Grain P H .01 .96** -.09 .29 .60** .85** 
W -.17 .54** -.27 . 16 . 23 , 46"* 
C -.03 .93** .09 .74** 
Grain K H —. 26 .69** .50** .37* .60** .69** 
W -.36* .23 .38* .18 .34+f .41* 
c -.19 .77** .05 .56** 
I I 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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probability. Com yield was highly correlated with leaf and grain 
P concentration as might be expected from the yield response to 
P fertilization. Soybean height and lodging were highly signifi­
cantly correlated. Height and lodging were also highly signifi­
cantly correlated with P treatment, and with P concentration 
in the leaves and grain. 
d. 1974 data The 1974 data presented in Table 36 show 
that soybean yields were much lower in 1974, but there was a 
wider range of yields in both com and soybeans than in the two 
previous years. The AOV in Table 30 shows that Hark soybean yield 
was influenced by P and the P x K interaction. The simple effect 
of P averaged over the N treatments increased yield 169 kg/ha 
and the P x K interaction gave 153 kg/ha response. The Wayne 
soybean yield was also increased by P and the P x K interaction, 
but was reduced by N. 
Com yields were likewise influenced by P, K, and the P x K 
interaction. The simple effects of P and K, averaged over the N 
treatments, increased yield 1,835 kg/ha and -31 kg/ha, respectively. 
The P X K interaction increased yield 981 kg/ha. Both P and K 
were required for maximum yields in both soybeans and com. 
The height of both Hark and Wayne plants was increased by the 
N, P, and K fertility treatments in 1974. For both varieties 
the N X P x K interaction was significant at the 10% level of 
probability. The combined effects of N + P + K increased Hark 
Table 36. 1974 N-P-K experiment treatment means for Hark (H) and Wayne (W) soybeans and for 
com (C). 
Treatments 
Variable Crop Check N P N+P K N+K P+K N+P+K 
Mean 
Yield (kg/ha) H 
W 
C a 
CSE 
2742 
2138 
6143 
2976 
2776 
2066 
5593 
2710 
2828 
2274 
7240 
350V 
3028 
2072 
8166 
3956 
2731 
2060 
6258 
3031 
2702 
1858 
5416 
2623 
3246 
2476 
9835 
4764 
3138 
2323 
9432 
4569 
2899 
2158 
7260 
3517 
Height (cm) H 
W 
61 
60 
66 
67 
66 
69 
76 
76 
68 
67 
68 
64 
67 
69 
80 
76 
69 
68 
Lodging H 
C 
1.4 
2.1 
1.8 
2.2 
2.0 
3.9 
2.8 
4.0 
1.7 
2.4 
1.5 
2.1 
2.2 
4.2 
3.2 
4.4 
2.1 
3.1 
Barrenness^ C 5843 6766 3537 2123 5382 6151 615 1845 4036 
Barrenness^ C 10.9 12.5 6.6 4.2 9.8 11.4 1.1 3.4 7.5 
Leaf N % U 
w 
c 
5.70 
5.52 
2.62 
5.86 
5.59 
2.79 
6.23 
5.97 
2.74 
6.10 
5.76 
2.84 
5.87 
5.24 
2.60 
5.80 
5.16 
2.81 
5.93 
5.70 
2.78 
6,34 
5.41 
2.94 
5.98 
5.54 
2.76 
Leaf P % H .361 .410 .508 .520 .378 .377 .438 .486 .435 
*Corn yield converted to soybean equivalent. 
^Barren corn plants per ha. 
Percent barren corn plants. 
Table 36 (con't.). 
Treatments 
Variable Crop Check N P N+P K N+K P+K N+P+K Mean 
Leaf P % W .370 .376 .467 .497 .304 .292 .457 .448 .401 
C .202 .209 .351 .361 .179 .177 .308 .334 .265 
Leaf K % H 1.56 1.48 1.43 1.34 1.80 1.73 1.81 1.80 1.62 
W 1.83 1.63 1.73 1.51 2.11 2.00 2.10 1.89 1.85 
C 1.11 .97 .78 .78 1.52 1.83 1.44 1.41 1.23 
132 
and Wayne height 19 and 16 cm, respectively. 
Soybean lodging was not as severe in 1974 as those in 1973 but 
the treatment effects were still measureable. AOV of the Hark 
lodging scores (Table 30) shows all the sources of variation were 
significant at some level of probability except the K x N inter­
action. All of these treatment effects tended to increase the lodg­
ing score. The AOV of Wayne lodging scores indicated that the P main 
effect increased the lodging score 1.9. 
In 1974 the P main effect significantly decreased barrenness in 
com by 3,998 plants/ha. Barrenness was lower in the N-P-K experi­
ment than in the P-K irrigated and unirrigated experiments. Visual 
K deficiency synçtoms appeared on the com leaves on plots receiving 
P and P + N treatments. 
Leaf analyses, presented in Table 36, show that com and soy­
bean leaves contained sufficient levels of N. The P concentration 
in Hark soybean leaves exceeded the critical levels set by Melsted 
et al. (1969) and Jones (1967), but yields were increased by P appli­
cation. In most cases, Wayne soybeans show sufficient levels of 
leaf P, but also showed a yield response to P fertilization. The 
concentration of P in the com leaves was low for most treatments 
not including P, and com yield was increased by applied P. 
The K concentration in both corn and soybean leaves were low 
for the treatments not including K. Neither crop responded to 
the application of K alone but both responded to 
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the P X K interaction, indicating the need for both elements. 
The relationships among some of the 1974 variables are presented 
with correlation coefficients in Table 37. These correlation 
coefficients were taken from a large correlation matrix in which 
variables from both soybean varieties and com were included, 
making it possible to look at the relationship between soybean 
and corn variables. It.may seem unusualj for example, to look 
at the relationship between corn leaf P concentration and Hark 
soybean yield; however, this may be a real and meaningful relation­
ship. In a corn-soybean cropping system it may be desirable to use 
leaf analysis of one crop to predict the fertilizer needs of the 
other crop. Both com and soybeans showed yield response to P 
fertilization in this experiment. It is interesting to note 
that Hark and Wayne yield correlated as well or better with com 
leaf P as they did with Hark and Wayne leaf P. Com leaf P is 
also well correlated with soybean plant height and lodging. 
As discussed previously, the relationship among P treatment, 
leaf P content, plant height, and lodging score for soybeans was 
very strong. These factors were also related to soil test P 
level. Both com and soybeans showed low to deficient levels of 
K in the leaf material but yield was not significantly related to 
K treatment or K leaf content. 
In summary, the results of the N-P-K experiment show that soy­
beans failed to make significant yield responses to N, P, or K in the 
Table 37. Correlation coefficients for Hark (H) and Wayne (W) soybeans and corn variables 
measured In the 1974 N-P-K experiment 
Soil P^ Soil K* 
Treatments Yield Height Lodging 
N P K Hark Wayne Corn Hark Wayne Hark Wayne 
Yield H .47** .37* .05 .60** .21 1.00 
W .46** .02 -.32++ .52** .09 .55** 1.00 
C .68** .35* -.06 .78** .26 .78** .59** 1.00 
Height H .45** .37* .46** .45** .22 .30f+ -.01 .43* 1.00 
W .62** .24 .39* .64** .07 .48** .24 .64** .83** 1.00 
Lodging H .74** .27 .38* .73** .12 .46** .24 .65** .81** .78** 1.00 
W .88** .14 .02 .92** .10 .61** .51** .82** .55** .73** .80** 
o
 
o
 
Leaf N H .44* .14 .13 .46** .02 .17 .02 .36* .63** .50** .61** .57** 
W .41* -.25 -.16 .43* -.42* .35* .35* .42* -.14 .17 .15 .34+4-
c .36* .64** .52** .38* .10 .36* .06 .46** .52** .65** .52** .45** 
Leaf P H .70** -.01 .17 .68** -.19 .32++ . 31++ .44* .53** .59** .69** .76** 
W .66** -.01 .92 .72** -.28 .60** .47** .74** .24 .54** .51** .66** 
c .93** -.05 .07 .95** -.20 .59** ,48** .74** .41* .66** .71** .89** 
Leaf K H -.16 .55** -.13 -.06 .68** .01 .02 .06 . 34++ -.01 .12 .02 
W -.28 .76** -.36* -.17 .70** .14 .13 .21 -.09 -.17 -.23 -.15 
G -.39* .59** .04 -.34++ .84** -.09 -.19 -.15 -.01 -.28 -.19 -.27 
*Fall of 1973 soil samples. 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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first two years of the experiment, while corn responded positively 
to K in 1972 and to P and a P x K interaction in 1973. In 1974 
both crops showed a strong yield response to P and to a P x K 
interaction. Com failed to show any response to the N treatment 
(255 vs 128 kg of N per ha), in fact, slight yield reductions 
were evident in some comparisons. Apparently 128 kg/ha of N 
plus the carryover N from the soybean crop was sufficient to meet 
the N needs of the corn crop. The carryover N from the soybean 
crop has been estimated to be equal to one kg/ha of N for each 
60 kg/ha of soybean grain yield. The N, P, and K treatments 
increased soybean plant height and lodging score, with P having 
the most effect. The P and K concentration in leaf and grain 
samples were greatly increased by the P and K fertility treatments. 
Where yield response to P and K treatments occurred, yield was 
highly correlated with the concentration of that element in leaf 
tissue. Grain P concentrations were also correlated with yield 
in both com and soybeans. In 1974 when both crops responded 
to P treatment, com leaf P analyses correlated as well with 
soybean yield as did soybean leaf P analyses. 
2. Comparison of Hark and Wayne soybeans 
The treatment means of all the variables measured in the 
N-P-K experiment indicated differences between the Hark and Wayne 
soybean varieties and also possible differences in their response 
to the fertility treatments. Statistical comparison of the crops 
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is possible assuming a split-plot design with the soybean varieties 
as the whole-plots and fertility treatments as the sub-plots. 
AOV's comparing Hark and Wayne yield, height, and lodging for 
each of the three years of the experiment are presented in Table 38. 
Because the soybean varieties were planted in strips and were not 
properly randomized, the test for varietal differences is not 
statistically valid, but it probably indicates real differences. 
The sub-plot error term was partitioned into two components. 
The block x treatment interactions formed error (b) (Table 38) 
which was used to test the fertility treatments. The block x 
variety x treatment interactions formed error (c) which was used 
to test the variety x treatment interactions. 
The AOV of the 1972 data (Table 38) and the experiment means 
(Table 29) indicate that Hark outyielded Wayne by an average of 
460 kg/ha, but Hark plants were shorter and lodged less than 
Wayne. There were not any statistically significant variety x 
treatment interactions in the AOV of yield data, but there were 
some for height measurements and lodging scores. In the case of 
height measurements the variety x P, variety x K x P, and variety 
X K X N interactions were significant at the 10% level of probability 
and the variety x N interaction was highly significant. A comr-
parison of the main effect responses in Table 32 shows that the 
P main effect increased Hark height 5 cm and Wayne height 3 cm. 
The N main effect increased Wayne height 5 cm and Hark height 
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Table 38. Analysis of variance combining Hark and Wayne soybean 
yield, height, and lodging for 1972, 1973, and 1974 in -
the N-P--K experiment 
Source d.f. Yield Height Lodging 
1972 
Block 3 29,960 4.857 1.7564** 
V (variety) 1 3,378,244** 891.025** 28.2227** 
Error (a) 3 34,527 5.578 .0318 
K 1 138 174.902** 2.4414** 
P 1 376,996 268.959** 17.3264** 
N 1 218,556 256.000** 1.5939* 
KP 1 508,7254+ 21.623 .4064 
KN 1 25,043 55.505* .0002 
PN 1 17,030 3.901 .0002 
KPN 1 4,796 10.401 .0039 
Error (b) 21 135,254 10.290 .2865 
VK 1 371 .160 2.2127** 
VP 1 11,025 15.800++ .9752* 
VN 1 16,512 40.651** .1914 
VKP 1 2,678 19.581++ .2627 
VKN 1 176 13.8764+ .0977 
VPN 1 18,360 1.000 .0077 
VKPN 1 4,658 .562 .2139 
Error (c) 21 86,210 4.654 .1269 
Total 63 
CV % (c) 2.9 4.1 12.3 
1973 
Block 3 119,750 45.776** .7050 
V (variety) 1 5,047,949** 136.598** 12.2500** 
Error (a) 3 40,209 2.104 .1983 
K 1 222,092 357.682** 5.5225** 
P 1 91,885 702.913** 44.2225** 
N 1 387,351* 79.432** .0625 
KP 1 182,863 181.912** .8100 
KN 1 52,155 5.700 .0400 
PN 1 4,848 4.569 .3600 
KPN 1 128,254 56.438* .1225 
Error (b) 21 82,694 8.293 .4425 
"^Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 38 (con't.)* 
Source d. £. Yield Height Lodging 
1973 
VK 1 17,923 5.348 .1225 
VP 1 31,996 9.688 .0625 
VN 1 1,860 .263 .9025* 
VKP 1 43 3.106 .4900++ 
VKN 1 199 3.469 .6400* 
VPN 1 24,688 15.308 .1600 
VKPN 1 70,424 15.308 .0025 
Error (c) 21 112,564 6.124 .1169 
Total 63 
CV % (c) 11.1 3,5 11.3 
1974 
Block 3 55,247** 153.079 .5706 
V (variety) 1 8,775,665** 3.151 18.7056** 
Error (a) 3 1,507 29.421 .1723 
K 1 92,949 63.600++ .5256++ 
P 1 1,335,469** 802.306** 32.7757** 
N 1 70,291 507.377** 1.0506* 
KP 1 457,143** 20.026 .2756 
KN 1 91,359 35.701 .1406 
PN 10 206.641** 1.0506* 
KPN 1 1,048 80.551* .5256++ 
Error (b) 21 52,540 16.959 .1373 
VK 1 19,148 20.025* .0156 
VP 1 17,589 4.731 4.1006** 
VN 1 131,678++ 15.406++ .6756** 
VKP 1 4,016 .000 .0056 
VKN 1 21,061 16.200++ .0006 
VPN 1 7,077 15.801++ .2256++ 
VKPN 1 45,316 .391 .0056 
Error (c) 21 35,262 4.936 .0742 
Total 63 
CV % (c) 7.3 3.2 10.5 
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3 cm. The variety x K x P interaction was due to a greater K 
X P interaction in Hark than Wayne, v^ile Wayne showed a greater 
K X N interaction. The AOV of lodging score (Table 38) and the 
table of main effects (Table 32) show that the lodging score 
for Wayne was increased more due to the P and K main effects. 
The AOV's comparing Hark and Wayne leaf and grain analyses 
are summarized in Table 39. In 1972 Wayne had a higher concentra­
tion of K in the leaves, but Hark had higher concentrations of 
Ca, Mg, Zn, Mg, and Cu in the leaves and higher levels of N, P, 
and K in the grain. The only variety x treatment interactions 
in leaf analyses was for Zn and Mn. In general, the grain analyses 
indicated that Hark responded more to N and P but less to K 
applications than Wayne. The differences in grain K were small 
but those in grain P due to the P treatment were large (Table 34). 
The 1973 data show Hark outyielded Wayne by 565 kg/ha while 
Wayne was taller and more susceptible to lodging. Hark had a 
higher concentration of N and P in the leaves and P in the grain, 
but slightly less N in the grain than Wayne. There were no 
variety x treatment interactions in the 1973 yield or height 
measurement data. 
The 1973 leaf and grain analyses data showed several variety 
X treatment interactions (Table 39). In all of these interactions, 
except those involving leaf K analysis, Hark was more responsive 
than Wayne. Hark showed much larger responses to P treatment 
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Table 39. Results of analysis of variance comparing Hark and Wayne 
soybean leaf and grain analyses in the N-P-K experiment, 
1972-1974 
Variable Significant terms^ in AOV CV % (c) 
1972 
Leaf N 
Leaf P 
Leaf K 
K*, P**, NH-, KP-H-
P**, N* 
V**, K**, P*, N** 
6.7 
8.1 
5.3 
Leaf Ca 
Leaf Mg 
Leaf Zn 
Leaf Mn 
Leaf Cu 
V**, K*, P**, KPN++ 
V**, K**, P**, N**, KP++ 
Block**, V**, P**, ÎH+, VN+, VPN* 
Block**, V**, K++, P**, N**, VK+4-, VKPN* 
V*, P** 
7.0 
4.1 
25.3 
11.4 
16.2 
Grain N 
Grain P 
Grain K 
K**, P**, N44-, PN* 
V**, P**, KP**, VP**, VN* 
V**, K**, P**, VK**, VP**, VN*, VPN* 
1973 
2.1 
4.1 
1.6 
Leaf N 
Leaf P 
Leaf K 
V**, K**, P**, N++, KP*, KPN**, VK-H-
V**, P**, VP++, VN** 
K**, P**, N**, VK*, VP**, VN**, VKP-H-, VPN* 
2.9 
10.8 
5.0 
Grain N 
Grain P 
Grain K 
V4+, P*, N*, KP++ 
V*, K*, P**, KP*, VP** 
K**, P**, N**, VP*, VKP++ 
1974 
3.1 
10.2 
3.3 
Leaf N 
Leaf P 
Leaf K 
V++, K++, P**, VK* 
V++, K*, P** 
V*, K*, P-H-, N** 
5.6 
14.7 
10.5 
^erms: V = variety, N, P, K = fertilizer treatments 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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than did Wayne, as measured by leaf and grain P concentration. 
The differences were small in all of the other varietal by treatment 
Interactions. 
Hark outyielded Wayne by 741 kg/ha in 1974. There was little 
difference in plant height but Wayne lodged much more than Hark. 
Phosphorus increased lodging of Wayne more than Hark but N and 
P X N interaction had a greater effect on lodging of Hark plants. 
Wayne had a higher concentration of K in the leaves, but Hark 
had higher concentrations of N and P. 
The variety comparison over the three-year period showed that 
Hark outyielded Wayne. Hark appeared to be more responsive 
to P treatment than Wayne, but the difference was not statistically 
significant. Wayne was taller and lodged more than Hark, but 
Hark height measurarsents tended to increase more frca the fertility 
treatments. Wayne lodging scores increased more than Hark due 
to the P treatments, but Hark showed larger lodging increases 
from the other treatments. Hark tended to have higher concentra­
tions of plant nutrients in the leaves and grain. Wayne, however, 
had higher K levels in the leaves. The nutrient concentration 
in Hark leaves also tended to be more responsive to fertility 
treatments. The P treatment had much larger effects on the P 
concentration in the grain of Hark than of Wayne soybeans. This 
varietal difference in grain P concentration would limit the use 
of grain P as an indicator of soybean nutritional status. The 
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response of other nutrient concentrations to fertility treatment 
differed very little between varieties. 
3. Comparison of Hark soybeans and corn 
A comparison of com yields, converted to soybean equivalent 
(CSE), with Hark soybean yields indicate that com yielded more 
than soybeans. The yield responses to the fertility treatments 
also differed. Soybean yield and CSE yield were combined in an 
AOV with crops as the whole plots and fertility treatments as the 
sub plots. Table 40 presents this AOV for each year in the N-P-K 
experiment. 
In 1972, com showed large responses to K while Hark soybeans 
did not show statistically significant responses. The crop x K 
interaction was highly significant in the AOV (Table 40). A 
comparison of the K main effect for Hark and CSE in Table 34 shows 
a corn response of 676 kg/ha to K, in units of soybean equivalent, 
while Hark soybeans showed no response. The soybeans appeared 
to show more response to N and P than CSE but the differences 
vara not statistically significant. 
The AOV for 1973 showed a highly significant crop x P inter­
action and a crop x N x P interaction significant at the 10% 
level. The CSE made a 565 kg/ha response to the main effect of 
; 
P while Hark soybeans showed a 120 kg/ha response (Table 34). 
The CSE response to the N x P interaction was 197 kg/ha while 
Hark showed a 22 kg/ha response. Both crops showed about the same 
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Table 40. Analysis of variance 
com yield converted 
experiment for 1972, 
comparing Hark soybean yield and 
to soybean equivalent in the N-P-K 
1973, and 1974 
Means Squares 
Source d.f. 1972 1973 1974 
Block 3 97,471 19,566 79,492 
C (crop) 1 4 ,005,501* 11,163,120** 6,113,874** 
Error (a) 3 140,247 102,545 37,723 
K 1 1 ,816,093** 274,969++ 1,303,307* 
P 1 35,485 1,879,983** 11,367,860** 
N 1 12,128 294,985++ 26,042 
PK I 732,094++ 250,375++ 1,579,734** 
NK 1 15,782 83,738 334,407 
NP 1 225,269 122,413 257,429 
NPK 1 15,098 211,255 139,783 
Error (b) 21 205,782 84,115 185,666 
CK 1 1 ,836,363** 6,663 487,728* 
CP 1 281,563 790,543** 4,340,451** 
CN 1 498,613 14,976 67,146 
CPK 1 37,685 6,300 414,897* 
CNK 1 2,105 2,197 42,797 
CNP 1 220,548 191,297++ 176,505 
CMPK 1 214 26,855 16,544 
Error (c) 21 193,011 48,510 85,851 
Total 63 
CV % (c) 11.9 5.9 9.1 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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response to N and K. In 1974 both Hark and com responded to P 
and to the P x K Interaction as discussed earlier. The AOV 
comparing the two crops showed a highly significant crop x P 
interaction, a significant crop x K interaction, and a significant 
V 
crop X P X K interaction. Although CSE was more responsive to the 
P and K main effects as shown in Table 32, the crop x P x K 
interaction was the most important. The CSE yield response for 
the P X K interaction was 475 kg/ha while the P x K interaction 
in Hark gave a yield response of 153 kg/ha. Thus com was more 
responsive than soybeans to the P and K main effects and also 
more responsive to the P x K interaction. 
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C. The P-K Factorial Experiment 
The P-K factorial experiment was conducted on plots established 
by Odurukwe (1972) in 1971 to study the response of soybean varieties 
to P and K fertilization. ' He-used P rates of 0, 56, and 224 
kg/ha and K rates of 0, 112, and 672 kg/ha. Odurukwe reported 
that dry matter yields measured at the end of June were increased 
by the high rate of P, while K tended to decrease dry matter 
yield. Of the soybean varieties used by Odurukwe, Hark had the 
highest grain yield of 2,618 kg/ha (39 bu/A). Some varieties 
showed yield responses to K of up to 10%, but most of the yield 
response was caused by a P x K interaction at the high level of 
P and K. 
Corn was grown on the experimental area in 1972 without the 
use of additional fertilizer. The P-K factorial experiment was 
started in the spring of 1973. While the other experiment in 
the study had low or high to very high soil test levels of P 
and K, this site provided an opportunity to study soybean per­
formance over a range of soil tests, including medium levels 
of P and K. 
1. Field results and chemical analyses 
a. Fertilizer treatment and soil test data The P and 
K fertilizer treatments and soil test analyses for the experiment 
are presented in Table 41. As a result of Odurukwe's 1971 fertilizer 
Table 41. Fertilizer rates applied and soil test results obtained in the P-K factorial 
experiment 
Treatments 
Low P Med. P High P 
Low K Med. K High K Low K Med.K High K Low K Med.K High K 
1971 fertilizer P 0 0 0 56 56 56 224 224 224 
applications (kg/ha) K 0 112 672 0 112 672 0 112 672 
Apr., 1973 soil -pp2m P 12 15 14 15 18 16 64 54 53 
test pp2m K 103 164 322 121 135 265 133 139 300 
PH 6.5 6.5 6.4 6.4 6.4 6.5 6.3 6.4 6.4 
1973 fertilizer P 0 0 0 67 67 67 134 134 134 
applications (kg/ha) K 0 56 224 0 56 224 0 56 224 
Total fertilizer F 0 0 0 123 123 123 358 358 358 
application (kg/ha) K 0 168 896 0 168 896 0 168 896 
Corn soil test pp2m P 9 10 11 26 23 24 91 79 79 
Oct., 1973 pp2m K 96 114 255 91 100 229 107 112 264 
pH 6.2 6.2 6.2 6.1 6.2 6.3 6.1 6.2 6.2 
Soybean soil test pp2m P 9 11 9 27 28 25 78 67 88 
Oct., 1973 pp2m K 105 154 353 93 129 297 108 128 314 
pH 6.4 6.4 6.2 6.1 6.1 6.1 6.3 6.1 6.1 
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applications, the April, 1973 soil tests showed very low, low-
medium, and high levels of P and low, low-medium, and high to 
very high levels of K. The 1973 fertilizer applications were 
adjusted to try to produce soil test levels in the medium range 
and to maintain the low and high to very high levels. The October, 
1973, soil test analyses show that the fertility levels were very 
low, low-medium, and very high for P and low, low-medium, and 
very high for K. Thus, the goal of obtaining at least three 
general levels of fertility was approximately attained. 
In October, 1973, soil samples were taken separately from 
the portion of each fertility plot on which com and soybeans 
had been grown that year. The soil P levels were about the same 
following the two crops, but soil K was much higher following 
soybeans than following com. These results will be discussed 
in more detail in a later section. 
b. 1973 data The variables measured in 1973 and their 
treatment means are presented in Table 42. Crop yields were 
excellent in 1973 and the yields of Hark soybeans ranged from 
3,295 kg/ha (49 bu/A) for the check treatment to 3,769 kg/ha 
(56 bu/A) for the top yielding treatment. Although the yields 
did not reach 4,000 kg/ha, the yield level was well above average 
and provided an opportunity for the expression of fertility 
differences. The yield of Wayne soybeans averaged 2,707 kg/ha, 
or 886 k/ha less then the Hark average. The average com yield 
Table 42. The 1973 P-K factorial experiment treatment means for Hark (H) and Wayne (W) 
soybeans and for corn (C) variables 
kg/ha fertllixer application in 1971 and 1973 (total) 
Variable 
Grain yield 
(kg/ha) 
Dry matter 
yield (kg/ha) 
Plant Height 
(cm) 
Lodging 
Barrenness 
Barrenness' 
Leaf N % 
P 0 0 0 123 123 123 358 358 
Crop K 0 168 896 0 168 896 0 168 
H 3295 3534 3408 3523 3769 3720 3637 3660 
W 2049 2618 2716 2692 2794 2843 2716 2752 
c 7536 7973 8069 8770 9145 9223 8978 9367 
CSE* 3650 3862 3909 4248 4430 9468 4349 4537 
H 6985 7589 7555 8187 8642 8727 8603 9203 
W 7788 7113 7173 8262 8296 8788 8422 9446 
c 16385 17017 15977 18224 18079 18387 18048 19801 
H 64 67 66 70 72 73 74 74 
W 64 72 70 71 76 74 74 76 
H 1.4 1.8 1.7 2.4 2.7 2^7 3.0 3.1 
W 1.7 3.2 3.2 3.3 3.8 4.4 3.9 4.2 
c 1435 2583 1579 2009 2009 1722 1722 2153 
c 2.5 4.4 2.8 3.5 3.5 3.0 3.0 3.8 
H 6.03 5.96 5.75 6.12 6.03 5.63 6.23 6.16 
^Corn yield converted to soybean equivalent. 
^Barren plants/ha. 
^Barren plants in a percentage basis. 
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Table 42 (con'C.). 
kg/ha fertilizer application In.1971 and 1973 (total) 
P 0 0 0 123 123 123 348 358 358 
Variable Crop K 0 168 896 0 168 896 0 168 896 
Leaf N % W 5.55 5.21 5.36 5.54 5.43 4.83 5.39 5.36 4.88 
C 3.07 3.02 3.00 3.19 3.05 3.08 3.23 3.16 3.14 
Leaf P % H . 360 .386 .369 .453 .478 .433 .524 .516 .466 
W .390 .384 .340 .480 .463 .395 .475 .496 .407 
c .211 .245 .229 .323 .322 .306 .391 .393 .355 
Leaf K % H 1.73 2.10 2.31 1.73 2.04 2.28 1.88 2.11 2.18 
W 1.89 2.14 2.30 1.86 2.01 2.28 1.75 2.08 2.30 
c 1.39 1.78 2.18 1.19 1.57 2.29 1.24 1.64 2.31 
Grain N % H 6.49 6.27 6.50 6.77 6.52 6.39 6.45 6.55 6.36 
W 6.51 6.40 6.43 6.79 6.53 6.58 6.77 6.44 6.62 
c 1.42 1.39 1.43 1.38 1.40 1.43 1.41 1.43 1.40 
Grain P % H .516 .484 .457 .604 .622 .622 .677 .685 .622 
W .445 .495 .474 .560 .595 .577 .613 .617 . 664 
G .180 .190 .186 .236 .242 .245 .261 .266 .261 
Grain K % H 1.95 1.95 1.99 1.95 2.04 2.10 1.99 2.05 2.06 
W 1.81 1.96 1.98 1.91 1.99 2.06 1.93 2.06 2.15 
C .298 .301 .300 .333 .318 .321 .329 .333 .319 
Whole plant N % H 3.01 3.19 3.16 3.26 3.23 3.16 3.14 3.11 3.11 
W 3.09 3.23 3.43 3.41 3.25 3.17 3.27 3.33 3.44 
G 1.17 1.10 1.09 1.16 1.07 1.13 1.16 1.17 1.17 
Table 42 (con't.). 
kg/ha fertilizer application In 1971 and 1973 (total) 
Variable 
Whole plant P % 
Whole plant K % 
N grain removal 
(kg/ha) 
P grain removal 
(kg/ha) 
K grain removal 
(kg/ha) 
P uptake (kg/ha) 
P 0 0 0 123 123 123 358 358 358 
Crop K 0 168 896 0 168 896 0 168 896 
H .184 .230 .206 .283 .291 .284 .343 .324 .321 
W .188 .229 .232 .284 .299 .293 .335 .340 .355 
G .110 .117 .118 .151 .148 .148 .171 .175 .178 
H 1.10 1.47 1.80 1.14 1.47 1.88 1.27 1.45 1.92 
W 1.03 1.40 1.75 1.06 1.34 1.82 1.12 1.39 1.96 
C .61 .74 1.18 .55 .64 1.11 .55 .69 1.23 
H 186 193 193 207 213 207 204 209 210 
W 150 146 15% 160 159 163 160 154 149 
C 90 93 99 102 107 111 107 113 114 
H 14.8 15.1 13.6 18.5 20.4 20.1 . 21.4 21.9 20.6 
W 10.3 11.3 11.2 14.0 14.5 14.3 14.5 14.7 14.9 
C 11.4 13.0 12.8 17.5 18.8 19.1 19.8 21.0 21.1 
H 56 60 59 60 67 68 63 65 68 
W 42 45 47 45 48 51 46 49 48 
C 18.9 20.4 20.4 24.7 24.6 25.0 24.9 26.3 25.8 
H 211 245 238 266 279 276 269 285 273 
W 240 229 246 282 271 278 277 314 245 
C 191 188 174 211 194 206 211 232 208 
H 12.8 18.3 15.5 23.1 25.3 24.7 29.4 29.6 28.2 
W 14.7 16.7 16.6 23.5 24.8 25.7 28.3 32.0 25.2 
Table 42 (con't.). 
kg/ha fertilizer application In 1971 and 1973 (total) 
P 0 0 0 123 123 123 358 358 358 
Variable Crop K 0 168 896 0 168 896 0 168 896 
P uptake (kg/ha) C 18.2 20.5 19.2 27.7 26.8 27.1 31.0 35.0 31.9 
K uptake (kg/ha) H 77 115 136 93 128 164 109 133 168 
W 80 101 126 87 110 161 93 130 139 
C 100 126 187 100 115 203 99 137 219 
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was 8,741 kg/ha (139 bu/A). 
Analyses of variance for grain and dry matter yield are 
presented in Table 43. A split-plot design was used with P applied 
to the whole-plots and K to the sub-plots. The P treatments 
were not properly ranuoirized, preventing a statistically valid 
test of the P effects. Even though the P effect is not statisti­
cally valid, it probably serves as a reliable estimate of real 
differences and responses. Because the K main effects and the 
P X K interaction are in the sub-plots, their responses are tested 
with greater precision than are the whole-plot effects. 
Tlie AOV's in Table 43 and the P and K responses in Table 44 
indicate that P probably increased grain yield of Hark soybeans 
and of com, but not of Wayne soybeans. Tl.e AOV shows the K 
effect was statistically significant at the 10% level of prob­
ability for these two crops. The response of Hark soybeans to 
K was 17C kg/ha and of corn was 537 kg/ha. Most of the P and 
K response in both Hark and corn occurred to the first increment 
of fertilizer which was the low-medium soil test level. There 
was no indication of a significant P x K interaction. 
The tabular data indicate that P increased the total dry 
matter yield of both soybean varieties and of com. As in grain 
yield, most of the response came from the low-medium level of 
soil P. The K main effect tended to be negative at the high 
level of K application, but the effect was not significant. 
Table 43. Analysis of variance of grain yield and dry matter yield data for Hark and Wayne 
soybean varieties and for corn in the 1973 P-K factorial experiment 
Source d. f. 
Grain Yield Dry Matter Yield 
Hark Wayne Corn Hark Wayne Com 
Block 3 123,803* 104,517 341,268 2,894,052 492,703 18,075,120* 
P 2 296,566** 44,097 7 ,209,645* 7,283,813* 4,265,552** 14,851,480* 
Error (a) 6 19,500 102,682 1 ,103,017 1,280,611 151,516 2,007,726 
K 2 106,072++ 4,411 935,843++ 1,014,652 1,201,428 2,996,953 
PK 4 23,646 29,207 10,698 80,254 2,637,635 1,655,536 
Error (b) 18 35,272 41,045 299,793 572,411 1,284,741 2,542,299 
Total 35 
CV % (b) 5.2 7.5 6.3 9.2 14.1 9.0 
Significant at the 10% level of, probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
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Table 44-sununarlzes the P and K main, effects on ail the variables 
measured in 1973. The main effects are the most important because 
there was little indication of P x K interaction. The only signifi­
cant P X K interactions occurred in the Wayne lodging scores and the 
com leaf K analysis. 
The P main effect increased height and lodging of both Hark and 
Wayne soybean plants. The K main effect increased Wayne height and 
lodging highly significantly and caused an increase in Hark lodging 
significant at the 10% level of probability. The significant P x K 
interaction for Wayne lodging scores was due to the diminishing 
effect of P on lodging as K increased. Barrenness in com was not a 
problem in 1973 and no measurable treatment effects were evident. 
Tlie concentrations of N, P, and K in the leaves of Hark and Wayne 
soybeans were all in the sufficient or high category as defined by 
Jones (1967). Even though Hark leaves had P concentrations above the 
.35% critical level suggested by Melsted et al. (1969), a sizeable 
yield response to P was observed. The corn leaves showed sufficient 
levels of N but P concentration in leaves from treatments receiving no 
P fertilization were in the low category. The K concentrations were 
also low where no K fertilizer had been applied. Corn showed yield 
responses to both of these nutrients. 
The concentrations of N, P, and K in the leaves, grain, and whole 
plant material were all affected by the P and K treatments. As expected, 
the P main effect greatly increased P concentration in leaves, grain, and 
Table 44. Main effects of P and K treatments on the variables measured in the P-K factorial 
experiment in 1973 (statistical probabilities for the F main effects are not 
valid but are listed as useful estimates) 
Response to Response to 
CV % (b) Variable Crop 0-P 123-P 358-P 0-K 168-K 896-K 
Grain yield H 3412 259. 285** 3484 170 15544- 5.2 
(kg/ha) W 2661 115 24 2686 36 31 7.5 
C a 7859 1187 1458* 8428 400 537++ 6.3 
CSE 3807 575 706 4082 194 260+f 
Dry matter yield H 7376 1143 1489* 7925 553 433 9.2 
(kg/ha) W 7358 1091 962** 8157 128 -473 14.1 
c 16459 1771 2053* 17552 747 -202 9.0 
Height H 66 6 8** 69 2 2 3.5 
(cm) W 68 6 7* 70 4 3** 4.3 
Lodging H 1.6 1.0 1.4** 2.2 .3 .3 11.5 
W 2.7 1.1 1.5** 3.0 .7 1.1** 10.0 
Barren plants/ha c 1866 48 48 1722 526 0 87.2 
*Corn yield converted to soybean equivalent. 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Table 44 (con't.). 
Response to 
Variable Crop 0-P 123-P 358-P 
Leaf N % H 5.91 .01 .22 
W 5.37 -.11 • 16 
C 3.03 .08 .15++ 
Leaf P % H .374 .080 .128** 
W .371 .075 .088* 
c .228 .089 .152** 
Leaf K % H 2.05 -.04 -.01 
W 2.11 —. 06 -.07 
c 1.78 -.10 —. 05* 
Grain N % H 6.42 .14 .03 
W 6.44 .19 .17 
c 1.42 -.02 -.01 
Grain P % H .486 .130 .175** 
W .471 .119 .160** 
c .185 .056 .078** 
Grain K % H 1.96 .07 .07 
W 1.92 .07 .13* 
c .300 .024 .027* 
Whole plant H 3.12 .09 0 
N % W 3.25 .03 .10 
c 1.12 0 .06 
0-K 
Response to 
168-K 896-K CV % (b) 
6.12 .07 -.33** 2.9 
5.49 -.16 -.47** 4.7 
3.16 —. 08 —.09++ 3.4 
.445 .017 -.023* 8.3 
.448 0 -.067** 10.0 
.308 .012 -.011 9.7 
1.78 .30 .47** 6.4 
1.83 .25 .46** 7.4 
1.27 .39 .99** 5.6 
6.57 -.13 -.15 3.4 
6.69 -.24 -.15* 3.0 
1.40 .00 .03 4.9 
.599 -.002 -.032 11.9 
.553 .016 .019 6.3 
.226 .006 .005 9.5 
1.96 .05 .05++ 4.6 
1.88 .12 .18** 3.5 
.320 -.003 -.007 6.2 
3.14 .03 0 3.8 
3.26 .01 .09 6.1 
1.16 -.05 -.03 4.8 
Table 44 (con't.)» 
Response to 
Variable Crop 0-P 123-P 358-P 
Whole plant H .206 .080 .123** 
P % W .216 .076 .127** 
C .115 .034 .059** 
Whole plant H 1.46 .04 .09 
K % W 1.39 .02 .10 
C .54 -.08 -.02 
N grain removal H 191 18 16* 
(kg/ha) W 149 11 5 
C 94 13 17* 
P grain removal H 14.5 5.2 6.5** 
(kg/ha) W 10.9 3.4 3.8** 
c 12.4 6 8.2** 
K grain removal H 58 7 7* 
(kg/ha) W 44 4 4 
c 19.9 4.9 5.8** 
N uptake H 231 43 45* 
(kg/ha) W 238 49 41** 
c 185 19 32* 
P uptake H 15.5 8.9 13.6** 
(kg/ha) W 16.0 8.7 12.4** 
c 19.3 7.9 13.2** 
0-K 
Response to 
168-K 896-P CV % (b) 
.270 .011 0 10.4 
.269 .020 .024* 7.7 
.144 .002 .003 7.4 
1.17 .30 .70** 8.8 
1.07 .30 .78** 8.5 
.57 .11 .59** 6.6 
199 6 4 6.0 
156 -3 -1 8.1 
100 5 8++ 7.6 
18.2 .8 -.2 14.2 
12.9 .6 .6 10.4 
16.2 1.4 1.5 12.4 
60 4 5* 7.6 
44 3 5* 9.0 
22.8 1 1 9.4 
248 22 14 11.8 
266 5 —10 15.7 
204 1 —8 11.4 
if. 7 2.6 1.0 15.2 
22.2 2.3 .3 17.3 
25.6 1.7 .5 13.0 
Table 44 (con't.). 
Res£ onse to Response to 
^ (b) Variable Crop 0-P 123-P 358-P 0-K 168-K 896-K CV / 
K uptake H 109 20 284-f 93 33 63** 13. ,6 
(kg/ha) W 102 17 19++ 86 28 65** 15, 0 
C 138 1 14 100 26 103** 11. ,2 
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whole plant samples. The K main effects caused highly significant 
increases in leaf and whole plant K concentration for com 
and soybeans. The significant P x K interaction in corn leaf 
K was due to greater K response at the higher level of P. Soybean 
grain K concentration was increased by the K main effects, but 
corn grain K was not affected. 
The concentration of P in corn grain in this experiment 
ranged from 0.180% to 0.226%, depending on the level of P fertility. 
This has been the approximate range of P concentration in corn 
grain in these studies. Publication 585 of the National Research 
Council (1958) and subsequent NRC publications indicate IT.S. grade 
No. 2 yellow dent corn contains 0.35% P. This concentration was 
based on analysis of four grain samples of unidentified origin, 
collected sometime in the early 1950's. Powell (1968) used very 
high rates of P on several corn hybrids and did not obtain P 
concentrations as high as 0.35%. The Animal Science Department, 
Iowa State University assumes 0.25% or 0.26% P in corn grain. 
Yet, the 0.35% P is frequently used in calculating removal of P 
in the grain of s corn crop. This could cause large errors in 
estimating the P content of animal rations as well as in estimat­
ing the P removal by a crop. Other NFC publications indicate 
soybean grain contains 0.66% P which also may be a high estimate, 
at least for soybeans grown on a soil of low P fertility. 
Table 42 presents the kg/ha of IJ, P, and K removed in the 
grain and the uptake in the aboveground whole plant or dry 
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matter of soybeans and com. These nutrient uptake and removals 
were obtained by multiplying the concentration of the elements 
by the dry matter and grain yield converted to dry matter basis. 
These variables are thus a function of nutrient concentration and 
of yield (grain or dry matter). 
The computed data are subject to more variation as shown in 
the coefficients of variation than the grain yields and chemical 
analyses. Errors in estimating total dry matter production and 
nutrient uptake are relatively high because of the limited number 
of plants that can be handled per sample and the difficulty in 
subsampling for chemical samples. There are also some errors 
involved in these measurements. One example is that the removal 
of P in Hark soybean grain from the check plots (14.8 kg/ha) 
was greater than the uptake of P in the whole plant (12.8 kg/ha). 
This indicates that a certain amount of caution should be exercised 
in interpreting the results. 
Table 44 shows that P treatment increased the uptake of K 
in the whole plant samples of the soybeans and com. This was 
due to the increase in dry matter yield from P treatment because 
P did not increase the N concentration. The uptake of P and K 
in the aboveground part of the plants on a kg/ha basis was doubled 
by the P and K treatments as shown in the treatment means (Table 42). 
The main effects (Table 44) indicate that P treatment was primarily 
responsible for the increased P uptake, although K treatment did 
cause a nonsignificant increase. The increase in K yield was 
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due to the highly significant K treatment effect but the P treatment 
also increased K uptake. The P treatment caused the increase in 
P uptake by increasing dry matter yield and an increased P concen­
tration. The K treatment increased K uptake by increasing the 
K concentretion, because K treatment did not significantly increase 
dry matter yield. 
The N and P yield or removal in the grain accounts for a 
large portion of the N and P uptake in the plant (Table 42). 
The removal of K in the grain of soybeans accounts for about 
40% to 75% of the total K uptake while the removal of K in com 
grain is less than one-fourth of the total K uptake. 
The increased removal of N in the grain of Hark and corn 
caused by the P main effect was due to the increase in yield 
caused by P rather than an increase in N concentration. Wayne 
soybeans did not show appreciable yield response to P and did not 
show much increased N removal as a result of P treatment. The K 
treatment caused an 8 kg/ha increase in grain N removal because 
K increased corn yield. 
Removal of P in the grain was increased by the P main effect 
in the soybeans and corn (Table 44). In Hark and corn this effect 
was due to increased yield and increased P concentration caused 
by the P treatment. The increase in P renioval in Wayne grain 
was primarily due to incrased P concentration, because P treatment 
had little effect on yield. 
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The removal of K in the grain of Hark and of com was increased 
by the P main effect. This increase was primarily due to the 
increase of grain yield rather than the small increase in K 
concentration caused by P treatment. Hark and Wayne soybeans 
showed a significant increase in K removal caused by the K main 
affect. Most of this increase was due to increased K concentration 
in Wayne and to the increased yield in Hark. 
c. 1974 data The 1974 treatment means for variables 
measured in the P-K factorial experiment are presented in Table 
45. The average yields for the Hark and Wayne soybeans, 3,068 
and 2,383 kg/ha, respectively, was less than in 1973, but Hark 
appeared to show much larger fertilizer responses in 1974. A 
third variety, SRF-350, was included in 1974 and gave an average 
yield of 2,911 kg/ha. Corn yields ranged from 6,476 kg/ha 
(103 bu/A) to 10,180 kg/ha (162 bu/A) and showed very large 
responses to the fertility treatments. 
Table 46 shows the AOV data for the crop grain and dry 
matter yields. The main effect of the P and K treatments are 
presented in Table 47. Grain yields of Hark and SRF-350 showed 
responses of 515 and 463 and a com response of 2,092 kg/ha. 
The main effects show that K significantly increased yields of 
Hark, SRF-350, and corn by 222, 208 and 1,918 kg/ha, respectively. 
The yield of Wayne was not appreciably increased by either P or 
K fertilization. These responses to P and K by Hark and SRF-350 
Table 45. The 1974 P-K factorial experiment treatment means for Hark (H), Wayne (W), and SRF-350 
(S) soybeans and for corn (C) variables 
kg/ha fertilizer application In 1971 and 1973 (total) 
Variable 
Grain yield 
(kg/ha) 
Dry matter yield 
(kg/ha) 
Height 
(cm) 
Nodes/plant 
Lodging 
p n 0 0 123 123 123 358 358 358 
Crop K 0 168 896 0 168 896 0 168 896 
H 2713 2581 2967 3109 3205 3233 3145 3227 3433 
W 2257 2311 2440 2456 2374 2346 2309 2458 2499 
S 2516 2602 2672 2925 3068 3236 2990 3044 3143 
C 6476 7370 7669 7389 8599 9698 7945 9665 10180 
CSE® 31.37 3570 371.') 3579 4165 4698 3849 4682 4931 
H 7789 7229 8035 8767 8139 9198 8867 8783 9037 
w 6624 7015 7185 8156 7899 7322 8117 7626 7349 
S 6751 7386 6516 9364 7220 8424 8679 9332 8829 
C 14614 16140 16515 15985 17450 18428 16511 17872 20305 
H 61 58 62 68 68 71 65 64 67 
U 61 62 65 67 70 70 65 67 67 
S 56 56 57 60 62 65 59 60 63 
H 15.8 15.7 15.3 16.5 16.6 16.3 16.6 16.0 16.1 
W 15.1 14.9 14.7 15.7 16.1 16.2 15.5 14.9 15.8 
S 14.4 15.6 14.5 16.1 15.5 16.0 15.6 15.7 15.8 
H 1.3 1.4 1.5 1.9 1.8 2.1 2.0 2.0 2.2 
W 2.5 2.9 3.0 3.7 3.7 4.1 3.9 4.0 4.2 
S 1.7 1.9 2.0 2.9 2.8 3.3 3.1 3.4 3.7 
*Corn yield converted to soybean equivalent. 
Table 45 (con't.). 
kg/ha fertilizer application In 1971 and 1973 (total) 
P 0 0 0 123 123 123 358 358 358 
Variable Crop K 0 168 896 0 168 896 0 168 896 
Barrenness^ C 7319 4162 315 V 4593 1722 1148 4449 1722 718 
c 
Barrenness c 13.7 7,9 5.7 8.5 3.2 2.2 8.3 3.2 1.3 
Leaf N % H 5,89 5.96 6.10 6.23 6.19 6.11 5.84 5.88 5.76 
W 5.53 5.49 5.25 5.52 5.57 5.80 5.37 5.55 5.38 
S 5.33 5.66 5.68 6.21 6.07 5.85 6.11 5.90 5.74 
c 2.96 2.90 2.87 2.92 3.03 3.01 2.94 3.00 2.84 
Leaf P % H .363 .374 .395 4.91 .462 .482 .461 .461 .448 
W .362 .361 .383 .463 .459 .434 .424 .455 .437 
S .332 .394 .421 .526 .509 .511 .538 .509 .490 
c .222 .233 .224 .805 .307 .306 .349 .345 .328 
Leaf K % u 1.60 1.84 2.05 1.55 1.69 2.18 1.68 1.78 2.14 
w 1.88 2.10 2.40 1.85 2.06 2.19 1.96 2.06 2.35 
s 1.95 2.11 2.35 1.99 2.09 2.39 2.00 2.05 2.39 
c 1.00 1.51 2.29 .97 1.29 2.31 1.07 1.24 2.08 
Grain N % H 6.91 6.84 6.92 6.97 6.99 6.92 6.92 6.84 6.74 
^Barren plants/ha. 
^Barren plants on a percentage basis. 
Table 45 (con't.). 
Variable 
Grain N % 
Grain P % 
Grain K % 
Whole plant N % 
Whole plant P % 
Whole plant K % 
ke/ha fertilizer application In 1971 and 1973 (total) 
0 0 0 123 123 123 358 358 358 
Crop K 0 168 896 0 168 896 0 168 896 
W 6.67 6.68 6.48 6.71 6.62 6.62 6.53 6.65 6.53 
S 6.25 6.36 6.34 6.50 6.53 6.49 6.44 6.31 6.51 
C 1.25 1.24 1.28 1.17 1.21 1.26 1.21 1.19 1.23 
H .439 .472 .475 .649 .635 .617 .697 .710 .699 
W .405 .435 .455 .551 .554 .561 .613 .616 .616 
S .400 .418 .417 .534 .552 .525 .610 .611 .620 
c .166 .189 .192 .216 .219 .214 .254 .239 .264 
H 1.85 1.91 1.96 1.93 1.99 2.01 1.98 2.01 2.04 
W 1.78 1.80 1.88 1.85 1.89 1.93 1.89 1.93 1.99 
s 1.86 1.89 1.91 1.94 1.99 2.04 1.98 2.01 2.09 
c .286 .293 .315 .314 .299 .290 .321 .291 .318 
H 2.77 2.85 2.88 2.84 7.09 2.85 3.02 3.11 2.87 
W 2.76 2.86 2.94 3.10 3.05 3.10 3.10 3.09 3.12 
S 2.79 2.88 2.94 3.17 3.16 3.21 3.14 3.25 3.23 
C .94 .94 .99 .99 .97 .98 .98 .98 .99 
H .161 .184 .191 .235 .263 .234 .290 .305 .291 
W .161 .175 .191 .239 .237 .245 .269 .281 .291 
S .168 .175 .177 .234 .252 .238 .287 .305 .305 
G .094 .108 .096 .127 .130 .131 .153 .145 .153 
H 1.13 1.29 1.71 1.08 1.36 1.69 1.13 1.36 1.76 
W 1.10 1.28 1.70 1.08 1.24 1.71 1.20 1.33 1.76 
Table 45 (con't.). 
kg/ha fertilizer application In 1971 and 1973 (total) 
Variable 
P 
Crop K 
Whole plant K % S 
C 
N grain removal H 
(kg/ha) W 
S 
C 
P grain removal H 
(kg/ha) W 
S 
C 
K grain removal H 
(kg/ha) W 
S 
C 
N uptake 
(kg/ha) 
P uptake 
(kg/ha) 
H 
W 
S 
c 
H 
W 
S 
0 
0 
1 . 1 1  
.43 
163 
131 
137 
69 
10.4 
8.0 
8.7 
9.1 
44 
35 
41 
15.6 
215 
182 
189 
137 
12.6  
10.7 
11 .6  
0 
168 
1.36 
.55 
153 
134 
144 
77 
10.9 
8.9 
9.6 
1 2 . 1  
43 
36 
43 
18.3 
205 
200 
216 
152 
13.4 
12.9 
13.4 
0 
896 
I.64 
.84 
179 
138 
147 
82 
12.4 
9.7 
9.8 
15.5 
51 
40 
45 
20.4 
231 
212 
191 
165 
15.5 
13.8 
I I . 8  
123 
0 
1 .20  
.43 
189 
143 
165 
73 
17.6 
1 1 . 8  
13.6 
13.4 
52 
40 
49 
19.6 
247 
252 
296 
159 
20.4 
19.4 
21.9 
123 
168 
123 
896 
358 
0 
358 
168 
358 
896 
I.36 
.51 
195 
137 
174 
88 
17.7 
II.4 
14.7 
15.8 
55 
39 
53 
21.5 
251 
239 
228 
170 
21.5 
18.3 
18.1 
I.76 
.83 
194 
135 
183 
104 
17.4 
II.4 
14.8 
17.6 
57 
39 
57 
23.9 
260 
226 
271 
181 
21.3 
17.7 
20.1 
1.23 
.42 
190 
131 
168 
81 
19.1 
12.3 
15.9 
17.1 
54 
38 
51 
21.7 
267 
251 
272 
160 
25.5 
22.0 
25.0 
1.36 
.48 
192 
142 
167 
97 
19.9 
13.2 
16 .2  
19.6 
56 
41 
53 
23.9 
273 
235 
302 
176 
26.7 
21.4 
28.3 
1 .81  
.87 
201 
142 
178 
106 
20.9 
13.4 
16.9 
2 2 . 8  
6 1  
43 
57 
27.3 
258 
229 
285 
202 
26.0 
21.3 
2 6 . 8  
Table 45 (con't.). 
kg/ha fertilizer application in 1971 and 1973 (total) 
P 0 0 0 123 123 123 358 358 358 
Variable Crop K 0 168 896 0 168 896 0 168 896 
P uptake C 13.7 17.7 16.0 20.3 22.5 24.3 25.1 25.8 31.0 
(kg/ha) 
K uptake H 88 93 138 92 110 154 99 119 158 
(kg/ha) W 73 91 123 87 96 125 98 99 130 
S 75 102 108 112 98 149 106 127 160 
C 63 89 139 69 89 153 70 86 176 
168 
Table 46. Analysis of variance for grain yield and dry matter yield 
of Hark, Wayne, and SRP-350 soybean varieties and of com 
in the 1974 P-K factorial experiment 
Source d.f. Hark Wayne SRF-350 Com 
Grain Yield 
Block 3 357,298++ 202,892 32,111 2,087,904 
P 2 911,980* 22,843 888,876* 13,599,480** 
Error (a) 6 83,924 116,726 132,357 935,576 
K 2 185,319* 23,104 128,789* 11,378,300** 
PK 4. 37,283 32,559 8,538 489,922 
Error (b) 18 50,696 35,383 27,947 579,990 
Total 35 
CV % (b) 7.3 7.9 5.7 9.1 
Dry Matter Yield 
Slock 3 4 ,217,091 1,525,783 2 ,635,237 2,927,730 
P 2 5 ,080,164 2,609,347 13 ,465,760++ 18,691,660 
Error (a) 6 2 ,804,112 4,006,842 2 ,722,569 5,652,061 
K 2 1 ,516,926 372,416 402,631 22,105,890** 
PK 4 183,772 645,436 2 ,748,613** 1,383,923 
Error (b) 18 1 ,154,130 1,296,891 527,931 960,664 
Total 35 
CV % (b) 12.7 15.2 9.0 5.7 
Significant at the 10% level of probability, 
* 
Significant at the 5% level of probability, 
** 
Significant at the 1% level of probability. 
Table 47. Main effects of P and K treatments on the Hark (H), Wayne (W), SRF-350 (S) soy­
beans and for corn variables measured in the P-K factorial experiment in 1974. 
Probabilities are indicated for the P main effects, but they are not statistically 
valid. 
Response to Response to 
Variables Crop 0-P 123-P 358-P 0-K 168-K 896-K CV % (b) 
Grain yield H 2753 429 515* 2989 15 222* 7.3 
W 2336 56 85 2340 41 88 7.9 
S 2596 480 463* 2810 94 208* 5.7 
c a 7172 1391 2092** 7270 1274 1912** 9.1 
CSE 3474 674 1013 3522 617 926 
Dry matter yield H 7684 1017 1211 8474 -424 282 12.7 
(kg/ha) W 6941 851 756 7632 -119 -347 15.2 
S 6884 1452 2063++ 8265 -285 -343 9.0 
C 15757 1572 2472** 15745 1409 2671** 5.7 
Plant height H 61 8 4 65 -2 2 7.7 
(cm) w 63 6 3 64 2 4 6.3 
s 56 6 5 58 1 4++ 5.7 
Nodes/plant H 15.6 .8 .6 16.3 -.2 -.4 2.8 
Corn yield converted to soybean equivalent. 
-H-
Signifleant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 47 (con't.)» 
Response to 
Variable Crop 
Nodes/plant 
Lodging 
Barren plants/ha C 
Leaf N % 
Leaf P % 
Leaf K % 
Grain N % 
0-P 123-P 358-P 
w 14.9 1.1 .5* 
s 14.8 1.0 .9 
H 1.4 .5 .7** 
W 2.8 1.0 1.2* 
S 1.8 1.2 1.6** 
 4880 -2392 -2584** 
H 5.98 .20 - .15 
W 5.42 .04 .01 
S 5.55 .48 .36** 
C 2.91 .08 .02 
H .377 .101 .080* 
W .368 .084 .071* 
s .382 .133 .130* 
c .226 .080 .114** 
H 1.83 - .03 .03 
W 2.13 - .10 .00 
S 2.14 .01 .00 
C 1.60 —. 08 - .14 
H 6.89 .07 - .  06 
W 6.61 .04 - .04 
s 6.31 .20 .  11++ 
0-K 
Respons 
168-K 
e to 
896-K CV % 1 
15.4 - .1 .1 5.1 
15.4 .2 0.0 4.9 
1.7 0.0 .2** 9.6 
3.3 .2 .5** 7.5 
2.6 .1 .4** 10.3 
5454 -2919 -3780** 64.1 
5.98 ,03 .01 3.7 
5.47 .07 - .16 4.6 
5.88 .00 - .12 5.2 
2.94 .04 - .03 4.6 
.438 - .006 .004 4.6 
.416 .009 .002 7.8 
.465 .006 .009 9.4 
.292 .003 - .006 8.8 
1.61 .16 .51** 4.0 
1.90 .18 .41** 5.0 
1.98 .10 .39** 3.9 
1.01 .33 1.24** 8.2 
6.94 - .05 - .08 2.1 
6.64 .01 - .10 2.2 
6.39 .01 .05 1.7 
Table 47 (con't.). 
Respomte to 
Variable Crop 0-P 123-P 358-P 
Grain N % C 1.26 -.05 -.05++ 
Grain P % H .462 .172 .240** 
W .431 .124 .184** 
S .412 .125 .202** 
C .182 .035 .070** 
Grain K % 
Whole plant N % 
Whole plant P % 
Whole plant K % 
N grain removal 
(kg/ha) 
H 1.91 .07 .10** 
W 1.82 .07 .11** 
S 1.89 .10 .14* 
C .298 .003 .012 
H 7.83 .10 .17 
W 2.85 .23 .25* 
S 2.87 .31 .34** 
C .95 .03 .03 
H .179 .065 .116** 
W .175 .065 .110** 
S .173 .068 .126** 
C .099 .030 .051 
H 1.38 0 .04 
W 1.36 -.02 .07 , 
S 1.37 .07 .10* 
c .61 -.02 -.02 
H 165 28 29** 
W 134 1 1 
Yield Response to 
0-K 168-K 896-K CV % (b) 
1.21 
o
 
o
 .05 5.1 
.595 .010 .002 5.0 
.523 .012 .022 5.0 
.515 .012 .006 4.6 
.212 .040 .011 10.5 
1.92 .05 .08** 2.0 
1.84 .03 .09** 1.5 
1.93 .03 .06** 1.9 
.308 -.014 .000 6.8 
2.88 .13 -.01++ 5.7 
2.99 .01 .06 3.8 
3.03 .07 . 10 5,7 
.97 -.01 .02 4.1 
.228 .023 .011* 9.9 
.228 .003 .014++ 8.7 
.300 .014 .010 9.2 
.124 .003 .003 9.2 
1.11 .23 .61** 5.1 
1.13 .15 .60** 5.4 
1.18 .18 .56** 6.2 
.43 .08 .42** 11.8 
180 0 12++ 7.3 
135 3 3 7.4 
Table 47 (con't.). 
Variable Crop 0-P 
Response to 
123-P 358-P 0-K 
Response 
168-K 
to 
896-K CV % (b) 
N grain removal S 143 31 28* 157 5 12* 6.2 
(kg/ha C 76 12 19* 74 13 23** 10.3 
P grain removal H 11.2 6.4 8.8** 15.7 .4 1.2 8.2 
(kg/ha) W 8.9 2.6 4.0** 10.6 .5 .8 10.3 
S 9.4 4.9 6.9** 12.7 .8 1.1* 7.3 
C 11.2 4.4 8.6** 13.2 2.7 4.4** 16.3 
K grain removal H 46 9 11** 50 2 6** 7.6 
(kg/ha) W 37 2 4 37 2 4 8.6 
S 43 10 11* 47 3 6** 6.3 
C 18.1 3.6 6.2** 19.0 2.2 4.9** 10.4 
N uptake H 217 36 49* 243 0 6 13.3 
(kg/ha) W 198 41 40 228 -4 -7 15.5 
S 198 66 88** 252 -3 —3 9.9 
C 151 19 28 152 14 30** 6.5 
P uptake H 13.8 7.3 12.3** 19.5 1.0 1.4 14.2 
(kg/ha) W 12.4 6 9.1* 17.4 .1 .2 17.3 
s 12.3 7.2 14.4** 19.5 .4 .1 14.2 
c 15.8 6.6 11.5** 19.7 2.3 4.1** 11.0 
K uptake H 106 13 19 93 14 57** 12.6 
(kg/ha) W 96 7 13 86 9 40** 14.3 
S 95 25 36* 98 11 41** 10.7 
c 97 6 14 67 21 89** 12.2 
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soybeans and by corn were the largest responses measured in the 
study. Most of the soybean response was fror the low-iredium 
level of soil P but the high level of K was required for top 
yields. Corn continued to respond up to the high levels of F 
and K. 
The dry matter yield of Hark, Wayne, and SRF-350 soybeans 
was increased by the P main effect (Table 47), but the differences 
were not statistically-significant for Hark and Wayne. Potassium 
had litt]e effect on the dry matter yield of the three soybean 
varieties. Corn showed a 2,472 kg/ha response to P and a highly 
significant 2,671 kg/ha response to K. 
Both P and K increased the height measurements of soybean 
plaiits (Table 47) but the effect was not statistically significant. 
The number of nodes per plant were also counted when the height 
measurements were taken. These data were collected in an effort 
to gain more information on the relationship between height and 
lodging. The P main effect caused an increase of about one node 
per plant and the K treatment had no effect. 
Lodging of all three varieties was increased by the main 
effects of P and K. The K effect was highly significant but the 
magnitude of increase was much smaller for K than for P. 
The number of barren corn plants was larger in 1974 than in 
1973 (Tables 42 and 45). Both P and K decreased barrenness 
of com plants. Potassium deficiency symptoms on the com leaves 
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appeared only in the plots that received P treatment without 
additional K. The symptoms were not as severe in the P-K factorial 
experiment as in the other three experiments. 
The treatment means for N, P, and K leaf analyses are pre­
sented in Table 45. The leaf N levels in the soybean varieties 
and in the com were in the sufficiency range. The levels of P 
in the soybean leaves were also in the sufficiency range and only 
the SRF-350 soybean leaves from the check plots were below the 
critical level of 0.35% P set by Melsted et al. (1969). Although 
the leaf analysis did not indicate P was critical. Hark and 
SRF-350 soybeans showed large yield responses to P treatment. 
The corn leaf P was low in the plots not receiving P treatment, 
but com showed large yield responses to the P rates. 
Hark soybeans had low levels of leaf K in the treatments 
where K was not applied and yield response to K treatment was 
observed. The SRF-350 and Wayne soybeans had sufficient levels 
of leaf K according to Jones (1967) but below the 2.20% K critical 
level of Melsted et al. (1969). The SRF-350 soybeans showed 
yield response to K but Wayne did not. Com had low and deficient 
levels of leaf K in the medium and zero K treatments, respectively, 
and showed large yield responses to K treatments. 
The P and K main effects on the concentration of N, P, and 
K in the leaves, grain, and whole plant samples are shown in 
Table 47. As expected, P greatly increased the P concentrations 
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and K caused highly significant increases in the K concentrations 
of the plant materials except for com grain K. The P main effect 
also significantly influenced N and K levels in some of the 
measurements. 
The uptake of N, P, and K in the aboveground portions of 
the corn and soybean plants in 1974 (Table 45) were similar to 
those observed in 1973 (Table 42). The removal of N, P, and K 
in the soybean grain was lower in 1974 because of the lower yield 
level, but removal in the com grain was about equal to 1973. 
The P and K main effects on N, P, and K uptake are presented 
in Table 47. Both P and K tended to increase N uptake by the 
plants, particularly when they had a positive effect on dry matter 
yields. The P main effect almost doubled the P uptake in both 
crops. Increased F concentration accounted for 8.9, 7.6, 8.7, 
and 8.0 kg/ha of the response in Hark, Wayne, SRF-350, and com, 
respectively. The increased dry matter yield of com from the 
K treatment caused a highly significant 4 kg/ha Increase in the 
P uptake of corn. The K main effect increased the K uptake 
highly significantly by increasing the K concentration in both 
crops and Increasing dry matter in corn. 
Phosphorus and K also increased removal of N in the grain 
of Hark, SRF-350, and com, primarily by increasing the grain 
yield. The increased removal of P in the grain caused by P 
treatments was due to both Increased grain yield and to increased 
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P concentration. The Increased P concentration accounted for 
5.7, 3.7, 4.6, and 4.2 kg/ha of the response due to the P main 
effect in Hark, Wayne, SRF-350, and com, respectively. The K 
main effect Increased removal of P in the grain by Increasing 
grain yield. The removal of K in the grain of Hark, SRF-350, 
and com was Increased by both P and K treatments. Both effects 
were due primarily to increased grain yield. 
In summary, the highest soybean yields were obtained in 
1973, but the greatest response to fertility treatment was measured 
in 1974. Com yields were also high both years and the response 
to fertility in 1974 was the highest observed in the study. 
Hark and SRF-350 soybeans showed about a 500 kg/ha response to 
P and 210 kg/ha response to K in 1974, while Wayne showed much 
less response. The 1974 corn responses to P and K were about 
2,000 kg/ha. Plant uptake of P and K was about doubled by the 
respective P and K treatments in both crops. Removal of N and P 
in the grain accounted for much of the N and P uptake of both 
crops while a smaller portion of the total K uptake was removed 
in the grain. Uptake figures obtained for soybeans generally 
agreed with those given by Ohlrogge and Kamprath (1968). Except 
for P, the total uptake of N, P, and K in com agreed with 
the data of Barber and Olson (1968). 
d. Concentration and uptake of other plant nutrients 
Samples of the Hark soybean and corn plant samples were also 
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analyzed for Ca, Mg, Fe, Mn, B, Cu, Zn, and Mo content. It was 
thought that a knowledge of the effect of the applied fertility 
treatments on the concentration and uptake of these secondary 
and micronutrients might be helpful in explaining any observed 
differences in plant response. Very little general information 
is available about the level of some of these elements in plants 
grown on Iowa soils. 
The average concentration and uptake values for 1973 and 
1974 are presented in Table 48. The 1973 and 1974 data were 
combined in an AOV in which years were used as whole plots, P 
rates as sub-plots, and K rates as sub-sub-plots. The test for 
year effect (Table 49) indicated that there were differences in 
the'concentration of most of the elements between the two years. 
However, the mean values in Table 50 shew that the differences 
in concentration of the elenents between 1973 and 1974 were very 
small. The year x P and year x K interactions were also signifi­
cant for a few of the elements but these differences were also 
small. 
Some year differences in nutrient uptake are also indicated 
by the AOV summary in Table 49. Since Hark and com dry matter 
yields did not differ much in 1973 and 1974, differences in 
uptake were caused primarily by differences in nutrient concen­
tration. Among the largest year differences was the concentration 
of Mg in corn and B in soybean plants. The difference in nutrients 
Table 48. Concentration and uptake of certain secondary and micronutrients by Hark (H) soy­
beans and corn (C) in the P-K factorial experiment. Average values for 1973 and 
1974 analyses. 
kg/ha fertilizer application in 1971 and 1973 (total) 
P 0 0 0 123 123 123 358 358 358 
Element Unit Crop K 0 168 896 0 168 896 0 168 896 
Ca % 
kg/ha 
Mg % 
kg/ha 
Fe ppm 
kg/ha 
Mn ppm 
g/ha 
B ppm 
g/ha 
H i.ir 1.12 1.02 1.17 1.07 1.05 1.21 1.13 1.07 
C .23 .21 .18 .24 .23 .20 .25 .24 .21 
H 86 83 80 99 89 94 106 101 96 
C 35 34 28 42 41 36 43 45 39 
H .55 .47 .42 .58 .50 .43 .57 .51 .45 
C .33 .28 .24 .32 .30 .23 .31 .31 .23 
H 41 37 33 50 42 39 51 46 40 
C 50 46 39 55 54 43 53 58 43 
H 120 127 121 130 129 128 129 127 135 
c 75 73 74 79 74 77 70 73 83 
H .89 .95 .95 1.10 1.08 1.15 1.12 1.13 1.20 
c 1.17 1.21 1.20 1.35 1.31 1.41 1.20 13.8 1.53 
H 30 30 31 35 39 37 40 38 41 
c 28 23 34 35 29 32 33 33 29 
H 220 225 243 294 321 335 358 347 367 
c 439 387 550 591 508 597 558 622 555 
H 27 27 25 32 28 26 30 28 26 
c 13 13 12 14 13 12 13 13 13 
H 202 198 196 272 233 235 268 250 233 
c 207 219 195 231 233 228 227 237 237 
Table 48 (con't.). 
P 0 
kg/ha fertilizer application in 1971 and 1973 (total) 
0 0 123 123 123 358 358 
168 896 0 168 896 0 168 
^Milliequivalent weight of K + Ca + Mg per 100 g of whole plant sample. 
^Equivalent weight of K + Ca + Mg uptake per ha. 
358 
896 
Cu ppm H 14 14 14 13 13 14 11 12 12 
c 7 7 7 7 6 7 6 6 7 
g/ha H 106 104 112 110 106 125 99 107 108 
c 105 110 108 111 113 122 106 113 126 
Zn ppm H 33 33 33 31 31 30 31 31 30 
c 30 28 27 25 23 21 24 23 21 
g/ha H 243 247 258 263 251 265 268 279 267 
c 460 459 439 426 415 394 414 435 404 
Mo ppm H 3.01 2.15 1.36 2.73 2.11 1.56 3.36 2.51 
1.71 
C 1.37 .95 .65 1.28 1.11 .74 1.27 1.02 .89 
g/ha H 22 16 11 31 17 14 30 23 15 
C 21 16 11 22 20 14 21 19 17 
K+Me+Ca H 132 133 131 135 132 134 139 135 138 
meq/lOOg C 52 50 55 51 51 54 51 53 56 
K+Mg+Ca H 9,80 9.87 10.24 11.48 11.02 12.01 12.20 12.09 12.28 
eq. ,wt./ha^ C 8.05 8.27 8.83 8.81 9.13 9.92 8.77 9.90 10.67 
VO 
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Table 49. Results of analysis of variance combining 1973 and 1974 
plant nutrient concentration and uptake in Hark (H) soy­
bean and com (C) plants from the P-K factorial experi­
ment 
Plant 
Nutrient Unit Crop Significant terms in AOV CV % (c) 
Ca % H Y++, K**, YK* 7.8 
C Y*, ?**, YP**, K** 9.6 
kg/ha H P*, YK++ 14.4 
C Y*, P**, YP*, K** 14,1 
Mg % H P*, YP*. K** 5.7 
C Y**, YP++, K**, PK*, YK** 8.1 
kg/ha H P**, K** 13.0 
C Y**, P*, K** 12.0 
Fe ppm H Y* 8.1 
C n.s. 16.0 
kg/ha HP* 14.9 
C P* 17.2 
Mn ppm HP* 12.9 
C Block++ 41.0 
g/ha H P** 18.3 
C Block-H- 42.8 
B ppm H Y*, P*, K**, PK+f 5.8 
C K** 7.6 
g/ha H Y++, P**, K* 14.8 
C P** 11.9 
Cu ppm H P** 9.2 
C Y**, P* 9.1 
g/ha H n.s. 16.1 
C K*, YK** 11.7 
Zn ppm HP* 9.7 
C Y**, P**, YP++, K** 10.0 
^erms in AOV; Y = year. 
I Y 
Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 49 (con't.)-
Plant 
Nutrient Unit Crop Significant terms^ in AOV CV % (c) 
Zn g/ha H n.s. 12.8 
C Y* 13.5 
Mo ppm H Y*, K** 29.3 
C Block-H-, Y**, K**, YK-H- 32.8 
g/ha H P*, K** 35.1 
C Y**, p**, K** 30.8 
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Table 50. The means of each variable averaged across all fertility 
treatments for Hark (H), Wayne (W), and SRF-350 soybeans 
and corn (C) in the P-K factorial experiment in 1973, 1974 
and 1973 and 1974 combined 
Variable Crop 
Years 
1973 1974 1973 + 1974 
Grain yield H 3593 3068 3331 
(kg/ha) W 2707 2383 2545 
S - 2911 -
c 8741 8332 8536 
CSE* 4234 4036 4135 
Dry matter yield H 8253 8427 8340 
(kg/ha) w 8042 7477 7759 
s  - 8056 -
c 17734 17091 17413 
Height H 70 65 68 
(cm) W 72 66 69 
S — 60 -
Nodes/plant H — 16.1 
W - 15.4 — 
S — 15.4 -
Lodging H 2.4 1.8 2.1 
W 3.6 3.5 3.5 
S — 2.7 -
Leaf N % H 5.99 5.99 5.99 
W 5.28 5.44 5.36 
S - 5.84 — 
c 3.10 2.94 3.02 
Leaf P % H .443 .437 .440 
W .425 .420 .423 
S - .470 -
C .308 .291 -
Leaf K % H 2.04 1.83 1.93 
W 2.06 2.09 2.08 
S - 2.15 — 
c 1.73 1.53 1.63 
^Corn converted to soybean equivalent. 
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Table 50 (con't.). 
Years 
Variable Crop 1973 1974 1973 + 1974 
Grain N % H 6.48 6.89 6.68 
W 6.56 6.61 6.59 
S - 6.41 -
c 1.41 1.23 1.32 
Grain P % H .588 .599 .593 
W .564 .534 .549 
s - .521 -
c .230 .217 .224 
Grain K % H 2.01 1.96 1.99 
W 1.98 1.87 1.93 
S - 1.97 -
c .317 .318 .318 
Whole plant N % H 3.15 2.91 3.03 
W 3.29 3.01 3.15 
s - 3.08 -
c 1.14 .97 2.11 
Whole plant P % H .274 .239 .257 
W .283 .234 .259 
S - .238 -
C .146 .126 .136 
Whole plant K % H 1.50 1.39 1.44 
W 1.43 1.38 1.40 
S - 1.43 -
C .81 .59 .70 
N grain removal H 202 184 193 
(kg/ha) W 155 137 146 
S - 162 -
c 104 86 95 
P grain removal H 18.5 16.2 17.4 
(kg/ha) W 13.3 11.1 12.2 
S - 13.4 -
c 17.2 15.6 16.4 
K grain removal H 63 53 58 
(kg/ha) W 47 39 43 
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Table 50 (con't.). 
Variable Crop 
Years 
1973 1974 1973 + 1974 
K grain removal S — 50 — 
(kg/ha) C 23 21 22 
N uptake H 260 245 253 
(kg/ha) W 265 225 245 
S - 250 -
c 202 167 184 
P uptake H 23.0 20.3 21.7 
(kg/ha) W 23.1 17.6 20.3 
S - 19.7 -
c 26.3 21.9 24.1 
K uptake H 125 117 121 
(kg/ha) W 114 102 108 
S - 115 -
c 143 104 123 
N recycled H 58 61 59 
(kg/ha) W 109 88 99 
S - 87 -
c 98 80 89 
P recycled H 4.5 4.1 4.3 
(kg/ha) W 9.8 6.5 8.1 
S - 6.3 -
c 9.2 6.3 7.7 
K recycled u 62 64 63 
(kg/ha) w 67 63 65 
s - 65 -
c 119 82 101 
Ca whole plant % H 1.07 1.15 1.11 
C .23 .20 .22 
Ca uptake H 89 97 93 
(kg/ha) C 42 35 38 
Mg whole plant % H .50 .50 .50 
C .24 .32 .28 
Mg uptake H 41 42 42 
(kg/ha) C 43 54 49 
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Table 50 (con't.)* 
Variable Crop 
Years 
1973 1974 1973 + 1974 
Fe whole plant H 121 133 127 
ppm C 78 73 75 
Fe uptake H 1.01 1.12 1.06 
(kg/ha) C 1.40 1.25 1.31 
Mn whole plant H 37 35 36 
ppm C 30 31 31 
Mn uptake H 307 294 201 
(kg/ha) C 528 536 532 
B whole plant H 23 33 28 
ppm C 12 14 13 
B uptake H 187 276 232 
(kg/ha) C 217 230 224 
Cu whole plant H 13 13 13 
ppm C 6 7 6 
Cu uptake H 109 108 108 
(kg/ha) C 110 115 113 
Zn whole plant H 32 30 31 
ppm C 26 23 25 
Zn uptake H 266 257 261 
(g/ha) C 460 394 427 
Mo whole plant H 2.64 2.13 2.39 
ppm C .73 1.33 1.03 
Mo uptake H 22 18 20 
(g/ha) C 13 22 18 
K + Ca + Mg" H 134 135 134 
(meq/IOOg) C 53 52 53 
K + Ca + Mg^ H 11.07 11.37 11.22 
(eq.wt./ha) C 9.37 8.93 9.15 
^Mlllaequivalent weight of K + Ca + Mg per 100 g of dry matter. 
^Equivalent weight of K + Ca + mg uptake per ha. 
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between years did not appear to be of too much practical signifi­
cance. 
The concentration and uptake of individual elements measured 
in this study agree very well with estimates given by Ohlrogge 
and Kamprath (1968) for soybeans and by Barber and Olson (1968) 
for corn. 
Table 49 indicates that the P and K main effects had signifi­
cant effects on the concentration and uptake of some of the 
plant nutrients; however, the absolute differences were small. 
The main effects of P tended to increase the concentration 
of Ca, Mg, Mq, and Mo and reduce the concentration of Zn and Cu 
in both com and soybean plants. Since the P main effect increased 
the dry matter yield of both crops, it also increased nutrient 
uptake of all the elements except Zn and Cu (Table 51). In the 
case of Zn and Cu the decreased concentration was offset by the 
increased dry matter yield, resulting in nonsignificant changes 
in uptake. The K main effect reduced the concentration and 
uptake of Ca, Mg, and Mo in both crops. 
Tables 48 and 5i show the mllliequivslests of K -r Ca + Mg 
per 100 g of dry matter and the uptake of K + Ca + Mg in equiva­
lent weights per ha. Expression of these cations on an equivalent 
weight basis is another way of looking at their content in plants 
(Munson, 1968). There is considerable evidence in the literature 
indicating that the equivalent sum of these three major cations 
Table 51. Main effects of P and K treatments on the variables measured In 
the P-K factorial experiment, averages for 1973 and 1974 
Rosponse to » Respons e to 
Variable Crop 0-P 123-P 358-P 0-K 168-K 896-K 
Grain yield H 3083 344 399 3237 92 189 
(kg/ha) W 2498 86 56 2513 38 59 
c a 7514 1291 1776 7849 921 1224 
CSE 3640 625 860 3802 406 594 
Dry matter yield H 7530 1080 1350 8200 64 357 
(kg/ha) W 7149 917 860 7895 4 410 
C 16108 1672 2263 16649 1078 1235 
Height H 63 7 7 67 0 2 
(cm) W 66 5 5 67 3 3 
Lodging score H 1.5 .7 1.1 2.0 .1 .2 
W 2.7 1.1 1.4 3.2 .4 .7 
Leaf N % H 5.95 .10 .03 6.05 -.02 -.16 
W 5.40 -.04 -.08 5.48 -.05 -.31 
C 2.97 .08 .09 3.05 -.02 -.06 
Leaf P % H .374 .092 .105 .442 .004 • -.010 
W .370 .079 .079 .432 .004 -.033 
C .227 .085 .133 .300 .008 • -.009 
^Corn yield converted to soybean equivalent. 
Table 51 (con't.). 
Response to 
Variable Crop 0-P 123-P 358-P 
Leaf K % H 1.94 -.03 .02 
W 2.12 -*.08 -.04 
C 1.69 -.09 -.10 
Grain N % H 6.65 .11 -.01 
W 6.53 .11 .05 
C 1.34 -•. 04 -.05 
Grain P % H .474 ,151 .209 
W .451 .122 .172 
C .184 .045 .074 
Grain K % H 1.94 .06 .08 
W 1.87 .07 .12 
C .299 .014 .020 
Whole plant N % H 2.98 .09 .08 
W 3.01 .08 .00 
C 1.04 .02 .05 
Whole plant P % H .193 .072 .118 
W .196 .070 .118 
c .107 .032 .055 
Whole plant K % H 1.42 .02 .06 
W 1.38 -.01 .08 
c .73 -.05 -.02 
Response to 
0-K I68-K 896-K 
1.69 
1.86 
1.14 
.23 
.22 
.36 
.50 
.44 
1.12 
6.75 
6.66 
1.24 
—. 08 
-.11 
.00 
-.11 
-.12 
.04 
.597 
.538 
.219 
.004 
.014 
.023 
-.015 
.020 
.008 
1.94 
1.86 
.314 
.05 
.08 
-.009 
.09 
.14 
-.004 
3.05 
3.12 
1.07 
.13 
.01 
-.03 
.17 
.07 
.00 
.249 
.248 
.134 
.017 
.012 
.003 
.005 
.020 
.003 
1.14 
1.11 
.50 
.26 
.23 
.10 
.65 
.69 
.51 
Table 51 (con*t.). 
Response to 
Variable Crop 0-P 123-P 358-P 
N removal H 178 23 23 
(kg/ha) W 142 7 4 
C 85 13 18 
P removal H 12.9 5.7 7.7 
(kg/ha) W 9.9 3.0 3.9 
C 11.8 5.2 8.4 
K removal H 52 8 9 
(kg/ha) W 41 3 3 
c 19 4 6 
N uptake H 224 39 47 
(kg/ha) W 218 40 40 
c 168 19 30 
P uptake H 14.7 8.0 12.9 
(kg/ha) W 14.2 7.4 11.0 
C 17.6 7.2 12.3 
K uptake H 108 16 23 
(kg/ha) W 99 12 16 
c 117 4 14 
N recycled H 46 16 24 
(kg/ha) W 77 32 35 
c 83 7 12 
Response to 
0-K 168-K 896-K 
190 3 7 
146 -1 0 
87 9 16 
17.0 .6 .5 
11.8 .5 .7 
14.7 2.0 3.0 
55 3 6 
41 2 4 
21 2 3 
246 10 10 
247 0 -9 
178 7 11 
20.7 1.8 1.2 
20.0 1.0 .0 
22.7 1.9 2.2 
93 23 60 
86 19 48 
83 24 96 
56 8 3 
102 1 -9 
91 -2 -4 
Table 51 (con't.). 
Response to 
Variable Crop 0-P 123-P 358-P 
P recycled H 1.8 2.3 5.1 
(kg/ha) W 4.3 4.4 7.0 
C 5.7 2.1 4.0 
K recycled H 56 8 14 
(kg/ha) W 58 9 13 
C 98 0 8 
Ca uptake H 83 11 18 
(kg/ha) C 37 7 10 
Mg uptake H 38 6 8 
(kg/ha) G 45 5 6 
Fe uptake H .93 .18 .22 
(kg/ha) C 1.19 .17 .18 
Mn uptake H 229 87 128 
(g/ha) C 459 100 120 
B uptake H 199 48 51 
(g/ha) C 207 24 26 
Ca uptake H 107 7 -2 
(g/ha) C 107 9 8 
Zn uptake H 249 14 22 
(g/ha) C 253 -41 -36 
Response to 
0-K 168-K 896-K 
3.7 1.1 .6 
8.2 .5 -.6 
8.0 —1.0 —.7 
38 21 55 
45 17 44 
62 23 94 
97 -6 -1 
40 0 -5 
47 -5 -10 
53 -1 -11 
1.03 ,02 .06 
1.24 .06 .14 
290 8 24 
529 -24 33 
247 20 26 
222 7 -3 
105 1 10 
107 5 12 
258 4 5 
433 3 -21 
Table 51 (con.'t.)» 
Response to Response to 
Variable Crop 0-P 123-P 358-P 0-K 168-K 896-K 
No uptake H 16 5 7 28 -9 -15 
(g/ha) C 16 2 3 21 -3 -7 
K + Ca + Mg H 132 2 5 136 -3 -2 
(meq/lOOg) C 52 0 I 51 0 4 
K + Ca + Mg H 9.97 1.53 2.22 11.16 -.16 .35 
(eq.wt./ha) C 8.38 .91 1.40 8.54 .56 1.26 
^Mllliequivalent weight of K + Ca + Mg per 100 g of whole plant sample. 
^Equivalent weight of K + Ca + Mg uptake per ha. 
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tends to be relatively constant in a given plant species. As 
noted earlier, K treatment increased the K concentration and uptake 
but reduced the concentration and uptake of Ca and Mg. Expressed 
as the sum of the three cations on an equivalent basis, the K 
treatment has much less effect. The K effect on K + Ca + Mg 
as meq/100 g and as equivalent/ha was nonsignificant for soybeans, 
but in corn was highly significant. The P treatment caused a 
small but significant increased in K + Ca + Mg meq/100 g in soybeans 
but had no effect in corn. The P effect on uptake of K + Ca + Mg 
in equivalents/ha was highly significant in both crops because 
of increased dry matter yield. 
Other plant nutrients measured in this study were Si, Al, 
Sr, and Ba. Concentrations of these elements were only slightly 
affected by P or K treatments. In the case of Hark soybeans, 
a 2 ppm increase in the Sr concentration was caused by the P 
main effect. The Hark soybeans contained an average concentra­
tion of 0.65% Si, 99 ppm of Al, 39 ppm of Sr, and 30 ppm of Ba. 
The average concentrations in corn were 0.32% Si, 50 ppm of Al, 
22 ppm of Sr, and 11 ppm of Ba. The average uptake of Si, Al, 
Sr, and Ba was 54, 0.827, 0.325, and 0.249 kg/ha in soybeans and 
54, 0.869, 0.384, and 0.184 kg/ha in corn, respectively. 
2. Comparison of soybean varieties 
a. Comparison of Hark and Wayne soybeans The 1973 and 
1974 treatment data showed some differences between the Hark and 
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Wayne soybean varieties, the two which have been common to all 
of the studies. For comparative purposes the data from 1973 and 
1974 were combined and the averages presented in Table 52. 
Three new variables were considered in this comparison. They are 
referred to as the kg/ha of N, P, and K recycled and represent 
the contents of these elements in the vegetative portion of the 
plants which are normally returned to the soil. These values 
were determined by subtracting the nutrient removal in the grain 
from the total nutrient uptake in the aboveground portion of the 
plants. 
Analysis of variance combining years and soybean varieties 
for yield, P uptake, and K uptake variables are presented in 
Table 53. In this AOV, years are whole plots, varieties are sub­
plots, P treatments are sub-sub-plots, and K treatments are sub-
sub-sub-plots. The variety effect and P main effect are not 
strictly valid because they were not properly randomized. However, 
the P X variety and K x variety interactions are valid for comparisons 
of fertility response between the two varieties. Table 54 presents 
the AOV data comparing Hark and Wayne for the other variables 
measured in 1973 and 1974. 
The AOV shows that year effect on many of the variables 
was statistically significant. As mentioned earlier, yield and 
many of the other variables for both varieties were lower in 
1974 than in 1973. The only variable which did not show a year 
Table 52. Treatment means measured for Hark (H) and Wayne (W) soybeans and for corn (C) 
in the P-K factorial experiment, averages for 1973 and 1974 
Treatments (total fertilizer applied kg/ha) 
P 0 0 0 123 123 123 358 358 358 
Variable Crop K 0 168 896 0 168 896 0 168 896 
Yield (kg/ha) H 3004 3058 3187 3316 3487 3477 3391 3443 3613 
w a 2453 2465 2578 2574 2584 2595 2512 2605 2544 
CSE 3394 3716 3812 3914 4297 4583 4099 4610 4792 
Dry matter ^ H 7387 7409 7795 8477 8390 8963 8735 8993 8913 
yield (kg/ha) W 7205 7064 7179 8209 8097 8055 8269 8536 7221 
c 15500 16579 16246 17115 17765 18408 17280 18837 18996 
Height H 63 63 64 69 70 72 69 69 70 
(cm) W 63 67 67 69 73 72 69 71 72 
Lodging H 1.3 1.6 1.6 2.1 2.2 2.4 2.5 2.5 2.6 
W 2.1 3.0 3.1 3.5 3.8 4.2 3.9 4.1 4.4 
N uptake H 213 225 234 257 265 268 268 279 265 
(kg/ha) W 211 215 229 267 255 292 264 274 237 
C 164 170 170 186 182 194 185 204 206 
P uptake H 12.7 15.9 15.5 21.8 23.4 23.0 27.5 28.2 27.1 
(kg/ha) W 12.7 14.8 15.2 21.5 21.6 21.7 25.7 26.7 23.3 
C 16.0 19.1 17.6 24.1 24.6 25.7 28.1 30.2 31.5 
*Corn yield converted to soybean equivalent. 
Table 52 (con't.). 
Treatments (total fertilizer applied kg/ha) 
Variable Crop 
P 0 
K 0 
0 
168 
0 
896 
123 
0 
123 
168 
123 
896 
358 
0 
358 
168 
358 
896 
K uptake 
(kg/ha) 
H 82 104 137 93 119 159 103 126 163 
W 76 96 124 87 103 142 95 115 134 
C 81 108 163 85 102 178 84 111 198 
N grain re­
moval 
H 175 123 186 198 204 201 197 200 206 
W 140 140 145 151 148 149 146 148 146 
(kg/ha) C 79 85 91 88 98 108 94 105 110 
P grain re­
moval 
H 12.5 13.0 13.0 18.1 19.1 19.8 20.3 20.9 20.8 
W 9.1 10.1 10.5 12.9 13.0 12.8 13.4 14.0 14.2 
(kg/ha) C 10.3 12.6 12.6 15.5 17.3 18.4 18.5 20.3 22.0 
K grain re­ H 50 52 .'55 56 61 62 59 61 64 
moval W 38 41 43 42 44 45 42 45 46 
(kg/ha) C 17 19 21 22 23 25 24 25 27 
N recycled H 38 52 48 59 61 68 71 79 59 
(kg/ha) W 71 75 84 116 107 103 119 126 91 
C 85 85 79 98 84 86 91 99 95 
P recycled H .1 2.9 2.5 3.7 4.3 4.2 7.2 7.3 6.3 
(kg/ha) W 3.5 4.7 4.7 8.6 8.6 8.8 12.3 12.7 9.1 
c 5.7 6.5 5.0 8.6 7.4 7.3 9.6 9.9 9.5 
K recycled H 33 53 82 37 58 97 45 65 99 
(kg/ha) W 38 56 81 45 59 97 53 70 89 
c 64 89 143 63 79 153 61 86 171 
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Table 53. Analysis of variance comparing grain yield, P uptake, and 
K uptake of Hark and Wayne soybean varieties in the P-K 
factorial experiment for 1973 and 1974 combined 
Mean Squares 
Source d.f. Yield P uptake K uptake 
Block 3 213,831 44.01** 661.1 
Y (year) 1 6,496,554** 588.06** 3,520.5++ 
Error (a) 3 80,113 .63 455.7 
V (varieties) 1 22,202,940** 62.67 5,750.7** 
YV 1 363,610 69.44+ 106.8 
Error (b) 6 249,784 18.22 406.0 
P 2 782,862** 1,757.99** 4,868.9** 
VP 2 385,194* 11.11 163.7 
YP 2 65,144 18.28 219.8 
YVP 2 42,287 2.37 34.2 
Error (c) 24 80,708 13.18 492.0 
K 2 184,372* 25.16 35,292.9** 
PK 4 14,856 17.92 195.8 
VK 2 51,114 3.77 485.9 
YK 2 '56,492 17.01 966.9* 
VPK 4 22,042 3.07 107.2 
YPK 4 35,094 6.22 178.8 
YVK 2 26,927 .84 106.8 
YVPK 4 32,703 10.63 330.1 
Error (d) 72 40,601 11.18 252.3 
Total 143 
CV % (d) 6.8 15.9 13.9 
^Significant at the 10% level of probability. 
ic 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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Table 54. Analysis of variance data comparing Hark and Wayne soy­
bean variables in the P-K factorial experiment, 1973 
and 1974 combined 
Variable Significant terms in AOV CV % (d) 
Grain yield Y**, V**, P**, VP*, K* 
Dry matter yield V++, P** 
Height 
Lodging 
Leaf N %'. 
Leaf P % 
Leaf K % 
Grain N % 
Grain P % 
Grain K % 
Plant N % 
Plant P % 
Plant K % 
N removal 
P removal 
K removal 
N uptake 
P uptake 
K uptake 
N recycled 
P recycled 
K recycled 
Y, P**, K**, YK++ 
Block*, Y**, V**, YV*, P**, K**, PK**, 
VK**, YK**, YVK** 
Block++, V**, YVP**, K**, PK4-4-, YK** 
V-H-, K**, K**, KP-H-, YK** 
V++, K**, YK++ 
Y**, V**, YV**, P*, K**, YK-H-
Block**, V**, YV**, P** 
Y**, V**, YV*, P**, K** 
Y**, V**, P*, PK*, VK++ 
Y*, YV44-, P**, K**, PK*, VK-H-
Y++, P*, K**, YK** 
Y**, V**, P**, VP* 
Block**, Y**, V**, P**, VP** 
Block4+, Y**, V**, P*, K** 
Y*, P** 
Block**, Y**, YV44-, P** 
Y-H-, V**, P**, K**, YK* 
V**, YV*; P** 
Block*, Y**, V**, P**, YP-H-
P*, K**, YK* 
6 . 8  
12.8 
5.5 
9.8 
4.0 
7.8 
5.9 
2.7 
7.7 
5.0 
8.5 
7.0 
7.1 
11.6  
8 .2  
14.0 
15.9 
13.9 
45.5 
49.2 
23.8 
^erms in AOV; Y = year, V = variety. 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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difference or an interaction with year was dry matter yield. 
The year differences represent the sort of variation which fre­
quently occurs from year to year in field experiments. Most of 
the year differences or interactions with year were of little 
importance. The year effects on K variable and the K x year 
interaction were important because they showed that the K levels 
of the zero K treatments were lower and the K treatment effects 
tended to be lower in 1974. An exception to this was the grain 
yield which tended to respond more to the high level of K in 1974. 
The residual or second year effects of K application were usually 
less than the direct or first year effects. 
The variety term (Table 54) and the 1973 + 1974 variable 
means in Table 50 indicate several differences between Hark and 
Wayne. As noted throughout this study. Hark yielded more grain 
and dry matter and lodged less than Wayne. Hark contained higher 
levels of N and P but a lower level of K in the leaves than Wayne. 
Hark had higher levels of all three in the grain, but only the 
P level differed greatly. More N, P and K was removed in Hark 
grain, because of higher yield and concentration. Despite the 
difference in yield, total uptake of N and P was about the same 
for the two varieties. Hark did show a larger K uptake than 
Wayne. 
The significant variety x P and variety x K interactions 
indicate that Hark and Wayne responded differently to the P or 
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K treatments. The significant variety x P interaction in grain 
yield (Table 53) and the main effects in Table 51 indicate that 
Hark was much more responsive to P fertilization than Wayne. 
Hark made 258 and 340 kg/ha more response to the medium and high 
levels of P, respectively, than Wayne. Hark also appeared to 
respond more to K than Wayne, but the difference was not large 
enough to be significant. A highly significant variety x K 
interaction in lodging score (Table 54) occurred because Wayne 
showed a greater increase in lodging due to the K treatment than 
Hark (Table 51). 
The nutrient concentration, uptake, and removal data show 
some varietal differences and only a few variety x treatment 
interaction. Hark outyielded Wayne and showed a larger yield 
response to P. Yet the N, ?, and K concentration and uptake 
data for Wayne did not differ greatly from Hark. These nutrient 
measurements do not explain why Hark yielded more or was more 
responsive to P treatment than Wayne. 
b. Comparison of Hark, Wayne, and SRF-350 soybeans in 1974 
Hark, Wayne, and SRF-350 soybeans were grown in the P-K experiment 
in 1974. The treatment means in Table 45 and the variable means 
in Table 50 indicate possible varietal differences for the 
variable measured. The main effects in Table 47 also indicate 
possible differential varietial responses to P and K. 
To test these comparisons, the 1974 Hark, Wayne, and SRF-350 
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soybean data were combined in an AOV for each measured variable. 
In these tests, varieties were whole plots and P and K treatments 
the sub-plots and sub-sub-plots, respectively. The variety and 
P main effect tests are not strictly valid because they were not 
properly randomized; however, the tests probably do indicate real 
differences. The AOV comparing the three soybean varieties showed 
varietal differences for several of the variables listed in 
Table 50. Hark and SRF-350 grain yields exceeded Wayne by 685 
and 528 kg/ha, respectively. The 157 kg/ha advantage for Hark 
over SRF-350 was not significant. Hark and SRF-350 tended to have 
higher concentration, uptake, and removal of the elements measured 
than Wayne. However, these varietal differences were small and 
explain little if any of the difference in yield among the varieties. 
The plant height measurements show that Hark and Wayne were much 
taller than SRF-350, but SRF-350 continued to increased in height 
after the measurements were taken while Hark did not. Both Wayne 
and SRF-350 lodged more than Hark. 
Hark tended to have more nodes per plant. By dividing plant 
height by the number of nodes a measure of average intemode 
length was obtained. The average intemode length for Hark, 
Wayne, and SRF-350 was 4.0, 3.8, and 4.3 cm, respectively. 
There was no variety x P or variety x K interaction for the nodes 
per plant or average intemode length. Averaged over the three 
varieties, the P main effect increased the nodes per plant by 
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about one node. Potassium did not affect nodes per plant. The 
average intemode length was not affected by P, but the K main 
effect significantly increased average intemode length about 
0.2 cm. This suggests that P treatment increased height by 
increasing nodes while K treatment increased height by increasing 
intemode length. This conclusion must be accepted with caution 
because of the small differences and the limited data involved. 
Table 47 shows that Hark and SRF-350 gave much larger responses 
than Wayne to the P and K main effects. The AOV did not show 
statistical significance for the effects of variety x P or variety 
X K interactions on yield. 
In summary. Hark soybeans outyielded Wayne and were more 
responsive to P and perhaps to K treatment. Hark plants also 
tended to be shorter and to lodge less than Wayne. Hark had 
slightly larger yield and yield responses to P and K than did 
SRF-350, but the differences were not statistically significant. 
There were some varietial differences in the concentration of 
N, P, and K in the different plant parts and in N, P, and K 
uptake and removal. These differences were small and did not 
explain why Hark and SRF-350 were more responsive than Wayne. 
All three soybean varieties had about the same uptake of N, P, 
and K. They apparently differed in their use of these nutrients 
to produce grain. 
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3. Comparison of Hark soybeans and corn 
a. Comparison of soli test values The soybean and com 
portions of the fertility plots were both soil sampled following 
crop maturity in October of 1973. As shown in Table 41 and as 
mentioned earlier, the available soil P levels following soybeans 
and corn did not differ much, but the available soil K level of 
the soybean portion appears much higher than the com portion 
of the plots. 
For comparative purposes the soil test analyses from the 
soybean and com portions were combined in an AOV using crops 
as whole plots and the P and K treatments as sub-plots and sub-
sub-plots. Although the crop and F treatments were not properly 
randomized, the statistical tests of these two effects can indicate 
possible real differences. 
The crop and the fertilizer treatments had no effect on 
soil pH. The AOV for soil F did not indicate any difference 
between the crops. The mean soil F level was 38 pp2m for soybeans 
and 39 pp2m for com. The F main effect was highly significant 
indicating that the F treatment had increased soil F. The 
crop X F interaction was nonsignificant, indicating that the soil 
under both crops responded in the same manner to the F treatments. 
The soybean portion of the plots had an average of 187 pp2m 
of available K while the corn portion had only 152 pp2m. The 
AOV indicated that these averages were different and also showed 
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a highly significant crop x K interaction, indicating different 
crop effects. The soil K levels for the 0, 168, and 896 kg/ha 
total rates of K fertilizer were 102, 137, and 321 pp2m for the 
soybeans and 98, 108, and 249 pp2m for corn. There are two reasons 
which may account for these differences in soil test. As will 
be shown later, com took up more K at the highest level of K 
than did soybeans. The other reason is that the com was still 
standing at the time of soil sampling, while the soybeans had 
been harvested and the crop residue (leaves and stems) was on 
the soil surface. Perhaps some of the K in the soybean residue 
had already leached into the soil while the recycleable K in 
the com was still in the standing plants. 
b. Comparison of grain yield and nutrient uptake Com­
parison of Hark soybean and corn grain yields and nutrient uptake 
was accomplished using an AOV which combined years as whole plots, 
crops as sub-plots, and P and K treatments as sub-sub-plots and 
sub-sub-sub-plots. 
The AOV comparing soybean and corn grain yield is presented 
in Table 55. For this comparison, com yield was converted to 
soybean equivalent (CSE) by multiplying com yield by the factor 
of 0.4844. The year difference shown in the AOV was largely 
associated with the difference in Hark yield in the two years 
as indicated by the highly significant year x crop interaction 
and the means in Table 50. An evaluation of crop differences 
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Table 55. Analysis of variance 
yield, P uptake, and 
data combined in the 
comparing Hark soybean and com^ 
K uptake for the 1973 and 1974 
P-K factorial experiment 
Mean Squares 
Source d.f. Yield P uptake K uptake 
Block 3 819,804 240.79++ 3,156.3 
Y (year) 1 4 ,705,990** 457.25* 20,164.0* 
Error (a) 3 160,440 26.43 984.1 
C (crop) 1 23 ,294,750** 213.16++ 215.1 
YC 1 965,332** 29.88 8,649.0** 
Error (b) 6 35,375 36.14 404.9 
P 2 5 ,214,025** 1,941.72** 4,099.6** 
CP 2 645,862* 1.94 483.4 
YP 2 217,087 8.60 55.0 
YCP 2 16,642 .46 93.6 
Error (c) 24 140,194 10.12 369.3 
K 2 1 ,881,252** 51.94** 77,044.9** 
PK 4 27,765 5.08 485.4++ 
CK 2 539,979** 3.79 5,154.0** 
YK 2 412,739** 20.58 497.4 
CPK 4 46,941 7.37 323.9 
YPK 4 48,045 4.20 71.6 
YCK 2 346,227* 7.59 345.9 
YCPK 4 55,730 12.19 202.9 
Error (d) 72 73,110 9.45 228.8 
Total 143 
CV % (d) 7.2 13.4 12.4 
^Corn grain yield converted to soybean equivalent. 
^Significant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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show that the CSE yield was larger than Hark soybean yield in 
this experiment. The AOV also shows a significant crop x P 
interaction, and Table 51 shows that com yield expressed in 
CSE was about twice as responsive as Hark soybeans to P fertili­
zation. Corn yield was also about three times more responsive 
than Hark soybeans (Table 41) to K as indicated by the highly 
significant crop x K interaction in Table 55. Most of the differ­
ential crop response to K occurred in 1974 as indicated by the 
significant year x crop x K interaction. 
No attempt was made to compare soybean and com nutrient 
concentrations due to the large differences between the two crops. 
The nutrient uptake data provide a much better method of comparing 
com and soybean nutrient status. The AOV data in Table 56 indi­
cate crop differences in all the nutrient removed aad recycled 
variables and most of the total uptake variables. Nitrogen 
uptake and removal was greater in soybeans but N recycled was 
greater in corn. Soybeans took up 2.5 kg/ha less P, removed 1 
kg/ha less P, and recycled 3.4 kg/ha less P than com. The mean 
uptake of K by com and soybeans was almost equal. Soybeans 
removed more than twice as much K in the grain than did com, 
but corn recycled almost twice as much K. 
Calcium uptake in soybeans was more than twice that of com. 
Corn took up 17% more Mg, 25% more Fe, about twice as much Mn, 
and 64% more Zn than soybeans. Soybeans had a greater concen-
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Table 56. Analysis of variance data comparing nutrient uptake, 
removal, and recycling of Hark soybeans and com in 
the P-K factorial experiment, 1973 and 1974 data com­
bined 
Variable Significant terms^ in AOV CV % (d) 
N removal 
P removal 
K removal 
Y**, C**, P**, K**, YK* 
Block**, Y**, C*, P**, K**, CK*, YK* 
Block**, Y**, C**, YC**, P**, K** 
7.5 
13.2 
8.9 
N uptake 
P uptake 
K uptake 
Year 44-, C**, P**, YCK-H-
Block4+, Y*, C-H-, P**, K** 
Year *, YC**, P**, K**, PK++, CK** 
11.8 
13.4 
12.4 
N recycled 
P recycled 
K recycled 
C**, P** 
C*, P** 
Y++, C**, YK**, P*, K**, PK-H-, CK**, 
33.1 
45.4 
YK+4- 17.6 
Ca uptake 
Mg uptake 
Fe uptake 
Mn uptake 
C**, YC*, P**, K**, YCK-H-
Y*, C**, YC**, P**, K**, CK* 
C**, YC-H-, P**, K* 
Block*, C**, P* 
15.5 
12.6 
16.4 
39.9 
B uptake 
Cu uptake 
Y*, P**, K-H-, CK44-
K**, YK*, YCK-++ 
13.5 
14.0 
Zn uptake 
Mo uptake 
Block*, Y*, C**, YC*, CP* 
Y*, YC**, P**, K**, CK* 
13.7 
33.7 
K + Ca + Mg ^  C**, P*, K*, CK*, YK** 4.7 
(meq/lOOg) 
K + Ca + Mg C**, P**, K** 11.5 
(eq.wt./ha) 
^Terms in AOV: Y = year, C = crop. 
^Milliequivalent weight of K + Ca + Mg per 100 g of whole plant sample, 
'équivalent weight of K + Ca + Mg uptake per ha. 
^Significant at the 10% level of probability. 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
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tratlon and uptake of K + Ca + Mg, as measured on a chemical 
equivalent basis. 
Some of the statistically significant interactions shown 
in Table 56 indicate differential crop response in the uptake 
of nutrients. These were mainly related to differential grain 
or dry matter response to one or more elements. 
The greater uptake of P by com compared to soybeans was 
related to greater P uptake on the unfertilized plots rather than 
larger increases in P absorption from fertilization. Thus the 
difference in grain yield response to P was not due to less P 
uptake. The crop difference appeared to be in the way the P was 
utilized in the plant after it was taken up. The P uptake by 
soybeans in this experiment seemed to be adequate to support much 
higher grain yields than those obtained in this study, and suggested 
that P was not the factor limiting yields. 
Corn and soybeans appeared to take up the same amount of R 
as shown by the crop means in Table 30; however, K fertilization 
had a different effect on K uptake by the two crops. On the 
untreated soils, soybeans showed about 10 kg/ha more K uptake 
than corn (Table 41). Both crops showed about equal increases 
(23 kg/ha) in K uptake to the first increment of K fertilization. 
At the high level of K fertilization, com K uptake showed a 
96 kg/ha response while soybeans increased only 60 kg/ha. These 
data indicate that soybeans may be more efficient than corn in 
obtaining K from soil sources. Com must rely on K fertilizer 
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additions to meet its higher uptake requirements for K. This may 
explain why com grain yield was more responsive than soybeans 
to K fertilization. 
The Mg uptake of both crops was reduced by K fertilization 
(Table 51). This antagonistic affect of K on Mg absorption is 
not unusual and has been observed in many crops. Magnesium 
uptake by com was reduced 11 kg/ha and only by the high rate 
of K fertilization, while soybean Mg uptake was reduced 5 kg/ha 
by the first K increment at 10 kg/ha by the second increment. 
This pattern of reduced Mg absorption by the two crops reflects 
the trend in K uptake observed for them. 
Table 56 indicates a crop x K interaction significant at the 
10% level of B uptake. Soybean B uptake was increased 26 g/ha 
by K treatment while com showed little if any response. 
Phosphorus treatment had a differential effect on Zn uptake 
by the two crops as indicated by the significant crop x P inter­
action. Soybean Zn uptake was increased 22 g/ha by the P treat­
ment , primarily due to increased dry matter yield. Com, on the 
other had, showed a decrease of about 40 g/ha. This difference 
in P effect on Zn absorption and the larger total Zn uptake by 
com suggests that com may be more sensitive to Zn deficiency 
than soybeans. 
The K treatment reduced Mo uptake in both crops. No explana­
tion of this effect could be found in the literature. The reduction 
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In Mo uptake was about twice as large in soybeans as It was in 
com. Soybeans are sensitive to Mo deficiency as discussed by 
deMooy, Pesek, and Spaldon (1973), but no relationship between 
deficiency and soil K level has been observed. 
In summary, corn and soybeans showed differential grain 
yield responses to P and K fertilizer treatment. Uptake of plant 
nutrients failed to explain the differential P response. Soybeans 
may be more efficient in K uptake at low levels of soil K. Uptake 
of other plant nutrients indicate possible nutrient requirement 
differences and differential sensitivity of corn and soybeans to 
deficiencies of Zn and Mo. 
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D. Regression Analysis 
Other methods of analyses considered for evaluation of the 
data were the use of linear and multiple regression techniques. 
Unfortunately, there was a large amount of uncontrolled variation 
between experiments in this study. As a result regression was 
not very useful in analyzing the combined data from 
the various experiments. The uncontrolled variation within the 
experiments and the low yield responses of soybeans in most of 
the experiments severely limited the use of regression analysis. 
The following discussion deals only with regression relationships 
that provided new information or ideas. 
1. Lodging, fertility, and yield relationships 
The relationship between soybean yield and lodging has been 
the object of a number of studies and experiments. Arroyo (1972) 
reviewed the literature dealing with lodging of soybeans and 
found that lodging was related to wind, rain, and other environmental 
factors as well as high plant populations and late planting dates. 
Arroyo did not mention any relation between lodging and fertili­
zation. 
Both Odurukwe (1972) and Groneman (1973) observed increased 
lodging as a result of P fertilization. Although most agronomists 
are aware of the relationship between lodging and N fertilization 
in small grains, there is apparently a lack of information re­
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garding a fertility-lodging relationship in soybeans. 
As shown repeatedly in the discussion of each experiment, 
a strong positive relationship was observed between P treatment and 
lodging score. The K treatments also tended to increase lodging 
but to a lesser extent. Wayne soybeans showed much larger increases 
in lodging than did the Hark soybeans. Nitrogen treatment also 
tended to increase lodging score, but the effect was not consistent. 
The 1973 data were used in scatter diagrams and regression 
equations to more closely study the relationship between lodging 
and P fertility. The October, 1973, soil test for P was the most 
useful measure of P fertility for studying the relationship. 
Scatter diagrams of Hark and Wayne lodging scores plotted against 
soil P showed a general increase in lodging as soil P increased. 
Much of the increase in lodging due to increased soil P appeared 
to occur as soil P increased from about 4 pp2m up to 30 or 40 
pp2m. The distribution of points above 40 pp2m of soil P did not 
show a consistent increase in lodging score with increasing soil 
P. 
Multiple regression equations were used to show the relation­
ship between lodging and fertility factors. The following model 
was used for lodging and soil P; 
Lodging = (soil P) + (soil P)^ 
where B^ represents the partial regression coefficients for soil 
P variables. The multiple correlation coefficient or values 
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were 0.614 and 0.502 for Hark and Wayne, respectively. The equation 
for uncoded values in Hark soybeans was: 
Lodging + 1.64 + 0.025 (soil P) - 0.000077 (soil P)^ 
and for Wayne soybeans was: 
Lodging = 2.41 + 0.027 (soil P) - 0.000082 (soil P)^ 
The main difference in these two equations is in the 
of Y-intercept values. Wayne soybeans thus lodged more than 
Hark but increase in lodging score as a result of increasing 
P fertility was about the same for both varieties. Both showed 
an increase of about one lodging unit as the level of soil P 
increased from about 4 pp2m up to 50 pp2m. The maximum lodging 
score was reached at about 165 pp2m of soil P for both Hark and 
Wayne where the lodging score was 3.8 and 4.7, respectively. 
In the case of the Bark soybeans in 1973, additional terms 
2 for soil K, (soil K) , and a soil P x soil K interaction were 
added to the model for a regression equation. This expanded 
2 
equation gave an R value of 0.678. Thus increased P fertility 
was the more important factor in causing increased lodging scores. 
In 1974 the lodging was again related to the October, 1973, 
soil P values by use of scatter diagrams. These diagrams showed 
large increases in lodging of both varieties as soil P increased 
between 4 and 50 pp2m. Above 50 pp2m the relationship was more 
randomly scattered than in the 1973 data. Because of this random 
scatter of points at soil P levels above 50 pp2m, no attempt was 
made to fit regression equations to the data. 
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The most important aspect of lodging in soybeans is its effect 
cn yield. Agronomists and farmers have long recognized that severe 
lodging reduced yield by increasing mechanical harvest losses 
and by sometimes reducing grain quality. More recently, agronomists 
have considered the possibility that early lodging or lodging 
during seed development stages may also reduce yield because of 
reduced light interception and less total photosynthesis. 
Arroyo (1972) tried to evaluate the affects of artificial lodging 
on yield and to determine the stage of soybean development at 
which the effects of lodging were most apparent. Although not 
consistent, Arroyo's data tended to indicate that lodging at the 
beginning of seed development reduced yield the most, while lodging 
during full bloom may have increased yield in some cases. 
Unpublished data of Woods and Swearingin (Department of Agronomy, 
Purdue University) also indicate reduction in yield of plants 
that were artificially lodged in the early seed development stages. 
In both 1973 and 1974, the soybean plants began to lodge 
in the early seed development stage which occurred in late July. 
This lodging was more severe in the plots receiving P treatment 
than those which did not receive P. 
Scatter diagrams showing the relationship between lodging 
score and grain yield were constructed for 1973 and 1974 data. 
These diagrams for Hark showed a large amount of variation in the 
relationship but there was a tendency for higher yields to occur 
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ac intermediate lodging scores and lower yields at low and high 
lodging scores. There was little if any trend in the Wayne soybean 
data. 
The range of lodging scores observed in 1973 covered almost 
the entire 1 to 5 lodging scale. With Hark the range was from 1.0 
to 4.4. The following regression equation was obtained when the 
Hark yield data were fitted to the lodging scores: 
Yield = 2,107 + 904 (lodging) - 156 (lodging)^ 
2 
This equation had an R value of 0.158. When lodging scores 
were substituted into the equation, the following results were 
obtained; 
Lodging score Predicted Yield (kg/ha) 
1.0 2,855 
2.9 3,417 
4.4 3,064 
5.0 2,727 
The point of maximum predicted yield of 3,417 kg/ha occurred at 
a lodging score of 2.9 
In 1974 Hark lodging and yield data from the N-P-K experiment 
and the P-K factorial experiment were used in a similar regression 
equation. The lodging scores ranged from 1.2 to 3.4. The regression 
2 
equation had an R value of .334. The maximum predicted yield 
of 3,234 kg/ha occurred at a lodging score of 2.6. The predicted 
yield was 2,564 kg/ha at the minimum lodging score (1.2) and 
2,963 kg/ha at the maximum lodging score (3.4). 
Much lower yields occurred at the extremes of the lodging 
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score scale. Although the equations discussed explain only 15.8 
and 33.4% of the variation in yield, the fact that yields were 
reduced at higher lodging scores is an important one. This re­
duction in yield was due to decreased grain production and not 
an increase in harvest loss. Thus, these results appear to agree 
with the findings of Arroyo and Woods as discussed earlier. 
The failure of Wayne soybeans to show yield response to P 
fertilization may have been due to the fact that vegetative growth 
as indicated by height measurements and lodging were increased 
by P and the increased lodging offset a potential yield increase. 
From the standpoint of fertilization practices, it is evident 
that where a need exists, soybeans will respond to P application 
up to a rate which may cause some plant lodging. However, 
excessive P applications may cause more severe lodging and result 
in yield reduction. Selection of soybean varieties that do not 
produce excessive vegetative growth and that have less tendancy 
to. lodge would, perhaps, produce higher yields and be more respon­
sive to P fertilization. Maintaining soil P at a low to medium 
soil test level may also promote best P fertilization response 
and minimum lodging. Alternative P fertilization practices to 
stimulate yield increase without stimulating excessive vegetative 
production and subsequent lodging might be worthwhile. One 
alternative might be the application of P as a sidedressing or 
foliar application after vegetative growth has stopped and when 
seed development is at a maximum. 
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2. Yield and soil fertility relationships 
Several attempts were made to use multiple regression analyses 
to relate soybean and corn yield responses to fertilizer treatments 
or to soil test values. In most of the experiments, soybean 
yield responses to fertility changes were small and uncontrolled 
variation in yield was large. This severely limited the use 
of multiple regression techniques. However, the 1973 results 
in the P~K factorial experiment and the 1974 results for the 
N-P-K and P-K factorial experiments combined did give useful 
regression equations. 
a. 1973 P-K factorial experiment Hark soybeans and 
com showed yield response to P fertilization and some response 
to K in 1973. These responses were analyzed by regressing grain 
yield on the October, 1973, soil test values. It should be 
remembered that different soil test values were obtained from the 
com and soybean half of each plot. The following regression 
equation was used: 
Grain yield = (soil P) + B^ (soil P)^ + B^ (soil K) + 
B^ (soil K)^ + B^ (soil P x soil K) 
where B^ is the partial regression coefficients for each soil 
test variable. 
This equation for Hark soybeans explained 53.8% of the 
variation in yield. The point of maximum yield, 3,978 kg/ha, 
was found to occur at a soil P value of 72 pp2m and a soil K 
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value of 297 pp2m. These soil test values and yield values were 
well within the range observed in the field. When the soil P 
2 X soil K interaction was dropped from the equation, the R value 
2 2 
was 0.500. The R value was 0.294 when only soil P and (soil P) 
variables were included. Both P and K were required for maximum 
yield of Hark soybeans in 1973. 
2 The R value for the corn yield equation was 0.496. According 
to the equation, a maximum com yield of 10,013 kg/ha occurred 
at a soil P level of 67 pp2m and a soil K level of 198 pp2m. 
These soil test values were within the range of observations but 
the predicted maximum yield was outside the range of observation. 
About 44% of the variation in corn yield was explained by using 
2 
only the soil P and (soil P) variables in the regression equation. 
Maximum yield of the two crops occurred at about the same soil 
P level but at very different levels of soil K. 
These regression equations indicate that the Hark soybeans 
were responding to both P and K with the com responding primarily 
to P. It should be remembered that the corn variety grown in 
1973 was not as sensitive to low soil K levels as the variety 
grown in 1972 and 1974. 
b. 1974 P-K factorial and N-P-K experiments combined In 
1974 Hark soybeans and com responded significantly to fertility 
levels in both the P-K factorial experiment and the N-P-K experi­
ment. The data from these two experiments were combined for use 
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in multiple regression analysis. , 
The basic model used in these analyses was: 
Grain yield = B + B.P + + B_K + B.K^ + B. P x K 
o 1 2 3 4 5 
where B^ was the partial correlation coefficient, P represented 
phosphorus fertilization or soil test values, and K represented 
potassium fertilization or soil test values. The P and K ferti­
lization rates were for total application of nutrients on the 
plot and represented P rates of 0, 123, 252, and 358 kg/ha and K 
rates of 0, 168, 280, and 896 kg/ha. The October, 1973, soil 
test values were used. In the P-K factorial experiment, the 
soil test values for the portion of the plot on which the 1974 
crop was growing were used, while in the N-P-K experiment the 
same soil tests were used for both crops. The fertilizer rates 
and soil test values used were coded around the means to prevent 
problems with the matrix manipulations. This coding was accomplished 
by subtracting the mean value of each variable from each obser­
vation or treatment. 
Table 57 shows the partial regression coefficients and 
2 R values for each of the regression equations. The fertilizer 
treatments and soil test values explained much more of the variation 
in com yield than in soybean yield. Soil test values explained 
only 39.6% of the variation in soybean yield compared to 71.6% 
of the corn yield variation. The fact that both P and K variables 
were statistically significant in all but the soybean fertilizer 
2 
Table 57. Partial regression coefficients, coding factors, and R values for regression equations 
using data from the P-K factorial and the N-P-K experiments combined in 1974. 
Partial Regression Coefficients Coding Factor 
Dependent variable 
independent variable 
^o 
bjP b^K b,K^ 4 b^P X K P K 
2 
R value 
Soybean yield on 
fertilizer rates 
3073 1.501** .2828 -.0048++ .000082 '. 00052 •7I44 -254 .432 
Com yield on 
fertilizer rates 
8681 9.090** 3.226** -.0304** -.0026 .0024 -144 -254 .660 
Soybean yield on 
soil test values 
3153 6.968** 2.206* -.1376** -.0067 .017 -39 -131 .396 
Corn yield on 
soil test values 
9099 44.08** 18.77** -.765** -.0705** .0697 -18 -149 .716 
-H-
Signifleant at the 10% level of probability. 
* 
Significant at the 5% level of probability. 
** . . 
Significant at the 1% level of probability. 
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equation indicates that both crops responded to both the P and 
K fertilization. 
These regression equations can be solved for the point where 
the independent variables will give maximum yield. The Hark 
soybean equation using fertilizer applications can not be solved 
2 for this point because of the positive sign on the K partial 
regression coefficient. However, if a level of K fertilizer is 
assumed, then the equation can be solved for the rate of P that 
will give maximum yield. Using the mean rate of K (254 kg/ha) 
a maximum soybean yield of 3,186 kg/ha occurs at a rate of 294 
kg/ha of P. The maximum predicted com yield of 10,421 kg/ha 
occurred at 315 kg/ha of P and 849 kg/ha of K. 
The maximum soybean yield of 3,522 kg/ha occurred at soil 
P and K levels of 76 and 333 pp2m, respectively. Soil P and K 
levels of 74 and 301 pp2m produced a maximum com yield of 11,300 
kg/ha. In all of these yield predictions, the P and K level for 
both applied fertilizer and soil test were within the range of 
observations but the predicted yields, though not unreasonable, 
were outside the range of observations. It is interesting to note 
that the maximum predicted yield for both Hark soybeans and com 
occurred at approximately the same soil test levels of P and K. 
This was not the case with respect to soil K in the 1973 P-K 
factorial experiment. 
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3. Yield and plant nutrient analyses relationships 
The concentration of P and K in plant parts has frequently 
been used as independent variables for predicting grain yield in 
fertility experiments. For this type of data analysis to be 
effective, a grain yield response to P and K fertility treatments 
is necessary. Hark soybeans showed the largest fertility response 
in the P-K factorial experiment.in 1973 and 1974 in the N-P-K 
experiment in 1974. Corn also showed good yield response in 
these experiments. Plant analyses and grain yield data from these 
experiments were studied, using the following basic model: 
Grain yield = B + B.P + B.P^ + B_K + B.K^ + B-PK 
•' o 1 2 3 4 5 
where P and K represent nutrient concentrations in plant leaves, 
grain, or whole plants. The multiple correlation coefficients 
2 
or R values for the equations obtained are presented in Table 
58. 
Corn leaf analyses tended to explain more variation in corn 
yield than did corn grain or com whole plant analyses. Soybean 
yield variation was explained about equally by the P and K concen­
trations in all three plant parts. Surprisingly, the P and K 
concentration in a plant part in one crop was quite effective 
in explaining the yield variation in the other crop. Com grain 
analysis was the poorest variable for explaining soybean yield 
variation. This is probably because K concentration in corn 
grain was only slightly changed by K treatment. 
2 Table 58. R values of multiple regression equations for Hark soybean and corn grain 
yield in the P-K factorial experiment in 1973 and 1974 and the P-K and 
N-P-K experiments combined in 1974 using P and K concentration of plant 
parts as independent variables 
Grain yield dependent variables 
P and K 
Independent 
Variables 
P-K factorial experiment P-K and N--P-K 
1973 1974 1974 
soybeans corn soybeans corn soybeans cron 
Soybean leaves .665 .620 .552 .479 .402 .350 
Soybean grain .584 .478 .660 .657 - -
Soybean W.P.^ .641 .704 .704 .775 - -
Corn leaves .56? .775 .515 .850 .494 .776 
Corn grain .496 .696 .463 .616 - -
Corn W.P.* .651 . 666 .593 .792 - -
^Whole plant analysis. 
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More detailed work with these regression equations revealed 
that the P and K concentrations necessary for maximum yield as 
well as the maximum yields were outside the range of observations. 
In some cases these points were totally unreasonable. Some of the 
response surfaces were also very unusual and unlike most of those 
shown in the literature. These facts reduce the value of these 
regression equations and make it difficult to use them for com­
parisons or for establishing critical concentrations of plant 
nutrients. One reason for the unusual response surfaces and 
unreasonable points of maximum yield is that the fertility treatments 
were not properly spaced for this type of statistical analysis. 
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V. SUMMARY AND CONCLUSIONS 
The objectives of this field study were to grow high yielding 
soybeans for use in soil fertility research; to compare the 
response of corn and soybeans to applied fertilizers and to changes 
in soil fertility levels; and to measure and compare the nutrient 
uptake of corn and soybeans under high levels of crop management. 
The study was conducted from 1972 through 1974 on a Nicollet 
silt loam near Ames, Iowa and involved four experiments. Three 
of the experiments were located on plots that had been used in 
fertility experiments in 1970 or 1972, leaving differential levels 
of residual P and K. Corn and two soybean varieties. Hark and 
Wayne, were planted in strips across the plots and a corn-soybean 
rotation was followed. Special attention was devoted to such crop 
management factors as variety, planting date, row spacing, plant 
population, weed control, and irrigation. However, crop management 
was not used as a treatment or variable in the experiment. 
Grain yields of both crops, and soybean plant height and 
lodging scores were measured on each plot. Leaf samples of both 
crops were also collected and analyzed for various plant nutrient. 
Some of the grain samples were analyzed for N, P, and K content. 
In one experiment whole plant samples collected at the time of 
maximum dry matter accumulation were used to determine dry matter 
yields and for chemical analysis. Nutrient uptake by the whole 
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plants and nutrient removal in the grain were calculated from 
the yield and analytical data. 
The unirrigated and irrigated P-K experiments were located 
on plots that had been used for a fertility experiment in 1970. 
Additional fertilizer was applied to some of the plots in 1972, 
resulting in total P application of 0, 504, and 728 kg/ha and 
K applications of 0, 672, and 896 kg/ha for the two-year period. 
A split-plot design was used with P and K serving as the whole-
plot treatments and application rates as the sub-plot treatments. 
Resulting levels of soil test P ranged from very low to very high, 
while soil test K levels ranged from low to high. 
Results from the unirrigated and the irrigated experiments 
differed only slightly, but considerable variation occurred from 
year to year. In 1972, the plots which had received fertilizer 
in 1970 and in 1972 yielded less than those which were fertilized 
only in 1970. This reduction occurred for both com and soybeans 
and indicated that the higher fertilizer rates were causing some 
detrimental effects. Corn tended to show a negative yield response 
to P in 1972, but in 1973 and 1974 large, positive responses 
were observed. Com also showed a positive yield response to K 
all three years. The com variety grown in 1972 and 1974 was 
probably more sensitive to low soil K levels, especially at high 
P levels, than the variety grown in 1973. Soybeans tended to 
respond to P and K but the effect was not as consistent as with 
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corn. Hark soybeans produced higher yields and were more responsive 
to both P and K than Wayne soybeans. Corn was generally more 
responsive than soybeans to both P and K when the crops were 
compared on an equal energy basis. The P treatments increased 
height and lodging in both soybean varieties, with the increase 
tending to be larger in the Wayne variety, which generally tended 
to grow taller and lodge more than Hark. Chemical analyses of 
leaf samples showed an increase in the level of P and K from 
treatment with these elements, respectively. The P treatment also 
drastically decreased the K content of com leaves from plots 
where no K fertilizer had been applied. Except for this P effect 
on com leaf K, the leaf analyses of samples from the control 
plots were in the sufficient or high range for both crops, and 
leaf content of major and îninor elements were of little value 
in explaining yield variation. 
The N-P-K experiment established in 1972 on plots adjoining 
the irrigated and unirrigated P-K experiments consisted of a 
3 2 factorial design with P and K rates of 224 kg/ha applied in 
1972. Maintenance rates of 28 kg/ha of P and 56 kg/ha of K 
were applied in 1973. The N rates on the soybeans were 0 and 
255 kg/ha and for corn 128 and 255 kg/ha applied each spring. 
Soil test results showed that the P treatments raised soil P 
from the very low to the high category and K treatment raised 
the soil K level from the low to the low-medium category. 
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Fertilizer treatments had little influence on soybean yields 
in 1972 and 1973. Corn responded to K in 1972 and to P and a 
P X K interaction in 1973, while both crops responded to P and the 
P X K interaction in 1974. Soybeans did not respond to N treat­
ments and the 128 kg/ha rate produced near maximum com yields. 
Hark soybeans were higher yielding and more responsive to P 
fertilization than Wayne. The taller growing Wayne lodged more 
than Hark in the absence of fertilization and lodging of Wayne 
was increased more by P fertilization. However, plant height 
measurements showed a larger growth response to fertility treat­
ments by Hark. Comparison of com and soybean yields showed that 
under responsive conditions, com was more responsive on an 
energy basis than soybeans. 
The concentration of P and K in the leaf and grain samples 
were increased by the P and K treatments, respectively. Hark 
generally had higher concentrations of plant nutrients in the 
leaves and grain, and these levels tended to change more in 
response to treatment than did those in Wayne. Under responsive 
conditions, yield was highly correlated with the concentration 
of that element in both leaf and grain samples. The soybean 
varieties were found to differ widely in concentration of P in 
the grain. This observation was of little value in explaining 
the results of this study but suggests that caution is necessary 
in using this characteristic for assessing the nutritional status 
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of soybeans. In 1974, when both corn and soybeans responded to 
the P treatment, corn leaf P analyses correlated as well with 
soybean yield as did soybean leaf analyses. 
The P-K factorial experiment was started in 1973 on plots that 
had been used for another soil fertility experiment in 1971. 
Fertilizer applications in 1971 and 1973 totaled 0, 123, and 358 
kg/ha of P and 0, 168, and 896 kg/ha of K. Resulting soil test 
levels were very low, low-medium, and very high for P and low, 
low-medium, and very high for K. In 1973, Hark soybean^ yields 
ranged from 3,295 kg/ha (49 bu/A) for the check treatment to 
3,769 kg/ha (56 bu/A) for the top yielding treatment. Hark 
soybean yields in 1974 ranged from 2,713 kg/ha to 3,433 kg/ha 
and corn yields from 6,476 kg/ha (103 bu/A) to 10,180 kg/ha 
(152 bu/A). These represented the largest yields and yield 
responses observed in the series of experiments. 
In 1973 the P treatment increased Hark soybean yield 285 
kg/ha and corn yield 1,458 kg/ha, while the K treatment gave 
respective increases of 155 kg/ha and 537 kg/ha. Wayne soybeans 
showed little yield response. In 1974 SRF-350 was included 
as a third soybean variety and P fertilization increased Hark, 
SRF-350, and com yields by 515, 463, and 2,092 kg/ha, respectively; 
while the K response was 222, 208, and 1,912 kg/ha, respectively. 
Wayne again failed to show much yield response. Com was more 
responsive than soybeans to both P and K when compared on Howell's 
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(1961) equal energy basis. Dry matter yields of whole plant 
samples taken in this experiment were increased by P treatment 
but were unaffected by K treatment. 
Phosphorus fertilization increased the concentration of P 
in corn and soybean leaf, grain, and whole plant samples while 
K treatment increased the K content in all samples except com 
grain. The total uptake of P and K in the aboveground portion 
of both crops was about doubled by P and K treatments, respectively. 
Much of the additional P was found in the grain, while most of 
the K was located in the vegetative portions of the plants. 
A comparison of the soybean varieties showed that Hark and 
SRF-350 outyielded Wayne and were more responsive to the P and 
K treatments. The Hark soybeans tended to be shorter than Wayne 
and to lodge less than Wayne and SRF-350. Some varietal differences 
were observed in the concentration and uptake of N, P, and K in 
the various plant samples, but these differences were small and 
failed to explain the relative varietal yields and responses. 
Concentrations and uptake of Ca, Mg, Fe, Mn, B, Cu, Zn, and 
Mo in the com and Hark whole plant samples showed that P and K 
treatments had some small effects on the level of these elements. 
The P treatment increased the concentration and uptake of Ca, 
Mg, Mn, and Mo, jhile the K treatment reduced the concentration 
and uptake of Ca, Mg, and Mo of both crops. However, it seems 
unlikely that any of these elements were in deficient supply 
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or influenced crop yields or responses to fertilization. Com 
and soybeans differed some in total nutrient uptake. Com tended 
to absorb larger amounts of P than soybeans, the the increase 
in P uptake in response to P treatment was about the same for the 
two crops. Differences in uptake of P and other plant nutrients 
failed to explain why com grain yield was more responsive to P 
fertilization than soybean grain yield. Soybeans appeared to 
be more efficient in K uptake at low levels of soil K, but com 
had greater K uptake at high levels of soil K. The Ca, Mg, Fe, 
>ùi, and Zn uptake data suggested possible nutrient requirement 
differences between soybeans and com. The uptake of Zn and Mo 
indicated that soybeans might be more sensitive to a deficiency 
of Mo and com more sensitve to Zn deficiency. 
The value of multiple and linear regression analyses was 
limited because of large uncontrolled variations, but did suggest 
several relationships. There was a strong relationship between 
increased soybean lodging and increased P levels as measured by 
P soil test. There was also a strong tendency for reduced Hark 
soybean yield at high lodging scores compared to the intermediate 
lodging scores. Under responsive conditions, leaf, grain, and 
whole plant P concentrations were good predictors of com and 
soybean grain yields. Under such conditions the P concentrations 
in corn plant material predicted soybean yield about as well as 
soybean P concentrations. Where K fertilizer responses occurred 
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a good relationship existed between K concentration in plant 
material, except for K in com grain, and the various criteria 
measured. 
A general summary of results shows that both corn and soybeans 
responded to P and K fertilization, even though responses were 
somewhat erratic among individual years and experiments. Com 
responded more consistently than soybeans and when grain yield 
responses were compared on an equal energy basis, com was more 
responsive than soybeans. Phosphorus and K uptake by both crops 
was increased up to two-fold by fertilization but uptake data 
did not adequately explain the difference in relative responsive­
ness. Limited data on the influence of P and K levels on the 
concentration and uptake of certain secondary and micronutrients 
showed some differences for the two crops which may have influenced 
responsiveness to fertilization. 
Hark and Wayne soybean varieties, which were included in 
all of the experiments, differed in several respects. Hark con­
sistently outyielded Wayne and showed larger responses to P and 
K fertilization. Hark is a shorter variety than Wayne and con­
sistently showed less plant lodging. Nutrient concentration and 
uptake data differed some for the two varieties but provided 
little information regarding differences in responsiveness. A 
positive relationship between increased P fertility and increased 
plant lodging was evident for both soybean varieties. Grain 
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yields increased with increasing P rates to a point where inter­
mediate lodging scores were observed but decreased with higher 
P rates and more severe lodging. The yield reduction associated 
with increased lodging was probably due to less grain production 
since hand harvesting minimized losses. Lodging of Hark was 
increased less by P fertilization and may be one explanation of 
why Hark was more responsive to fertilization than Wayne. These 
data suggest that fertilization to a level where some lodging 
occurred was necessary to attain top yield yields of the varieties 
studied. Soybean varieties that are more resistant to lodging, 
alternative methods of P fertilization, and changes in nutrient 
balance need additional consideration as means of obtaining 
maximum efficiency in P usage. 
Phosphorus and K concentration in leaf, grain, and whole 
plant samples correlated with yields of both crops when yield 
responses were observed. However, variation in the yield and 
nutrient concentration data and insufficient points in the response 
range prevented determination of any critical levels of P and K. 
The data showed that the nutrient concentrations in com pre­
dicted soybean yields about as well as soybean nutrient concen­
tration. 
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VIII. APPENDIX 
Table A-1. 1972 unirrigated P-K experiment grain yields from individual plots (kg/ha) 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 0 504 728 
Block K 0 0 0 0. 672 896 672 896 
Hark s loybeans 
1 2533 2844 2528 2596 2813 2867 3>19 
2861 
2 2705 2898 3295 3088 2569 2898 3127 2927 
3 2988 2818 3064 2990 2852 • 3078 3331 3158 
4 3220 3414 3319 2557 2963 3341 3609 2800 
Wayne soybeans 
1 3539 3170 2691 2952 3847 2594 3344 2983 
2 2774 3000 2257 2811 2465 2662 2963 2610 
3 2530 2593 2774 2876 3061 3030 3397 2937 
4 3176 3000 2917 3159 3117 3220 3321 3534 
Corn (Pioneer 3369A) 
1 9677 8563 8243 7551 10570 8257 9513 9798 
2 8188 8281 7238 5055 9599 9508 10022 8928 
3 6543 6864 7061 6163 9657 9369 9124 7929 
4 6522 6872 6456 3835 8772 10740 9623 9795 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
728 
896 
3522 
3384 
3840 
3574 
2574 
2154 
2824 
2964 
10110 
9803 
10581 
10437 
1973 unirrigated P-K experiment grain yields from individual plots (kg/ha) 
kg/ha of fertilizer applied in 1970 and 1973 (total) 
Ô 5 5Ô4 728 Ô Ô 504 
0 0 0 0 672 896 672 
Hark soybeans 
3093 
3088 
2737 
3462 
2622 
2605 
2832 
2656 
8938 
7608 
7495 
9358 
3415 
3239 
2978 
2710 
3249 
2871 
2583 
2717 
8379 
7940 
7972 
8448 
3061 
3406 
3787 
3119 
2946 
2912 
3149 
3236 
Wayne aoybeans 
1936 
2599 
2053 
3056 
2319 
2441 
2485 
2791 
Corn (Pioneer 1131X) 
10242 
9025 
9571 
8147 
7150 
8386 
9828 
9345 
2765 
2929 
3337 
3748 
2617 
2664 
3308 
2651 
9069 
7489 
8580 
10782 
2878 
2902 
2912 
3466 
3953 
2179 
2953 
2568 
8511 
8310 
8768 
10926 
3176 
3237 
2927 
3669 
2414 
1843 
2748 
2140 
9885 
10675 
9452 
10524 
Table A-3. 1974 unirrigated P-K experiment grain yields from individual plots 
k^/ha of fertilizer applied in 1970 and 1972 (total) 
Block 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
F 
K 
0 
0 
0 
0 
504 
0 
728 
0 
0 
672 
0 
896 
504 
672 
728 
896 
2981 
2875 
2355 
2973 
3014 
2490 
2255 
2863 
6548 
5363 
2810 
3142 
3205 
2539 
2553 
2231 
2709 
2283 
2140 
2471 
5444 
5770 
4353 
2904 
Hark «ovbeans 
3158 3369 
2817 2696 
2900 2809 
2988 2888 
Wayne soybeans 
3203 
2388 
2514 
2312 
2890 
2929 
2483 
2405 
Com (Pioneer 3369A) 
6780 
4528 
6498 
4723 
6059 
4378 
5099 
5156 
4028 
2441 
3547 
3295 
3235 
2351 
2731 
2363 
8417 
5062 
6912 
9082 
3894 
2866 
3298 
3508 
3019 
2334 
2400 
3024 
7558 
6040 
6184 
10386 
3075 
3274 
2892 
3251 
2702 
2275 
2602 
2448 
7288 
8555 
10568 
9803 
4081 
2870 
3068 
2475 
3646 
2399 
2778 
2590 
8737 
9408 
8938 
11290 
N3 
W 
Table A-A. October, 1973, soil test results from individual plots in the unirrigated P-K 
experiment 
ke/ha of fertilizer applied, in 1970 and 1972 (total) 
Block 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
P 0 
K 0 
14 
7 
8 
14 
102 
69 
80 
76 
6.3 
6 . 6  
6.4 
6.3 
0 
0 
10 
7 
9 
9 
89 
80 
72 
86 
6.3 
6.5 
6.5 
6.3 
504 
0 
138 
154 
173 
10 
103 
114 
98 
81 
6.3 
6 . 2  
6 . 1  
6 . 1  
728 
a 
0 
672i 
Soil P (pp2m) 
183 16 
265 8 
265^ 9, 
58® 150" 
Soil K (pp2m) 
93 154 
91 135 
104 216 
81 204 
Soil pH 
6 . 2  6 . 6  
6.2 6.4 
6.0 6.5 
6.2 6.4 
0 
896 
11 
7 
9; 
123 
221 
193 
276 
223 
6.5 
6 . 6  
6.5 
7.0 
504 
672 
263 
132 
147 
147 
190 
208 
149 
231 
6 . 2  
6.4 
6.5 
6 . 2  
728 
896 
230 
210 
183 
190 
264 
273 
210 
220 
6.3 
6.5 
6.3 
6.4 
NJ 
^Errors made in 1970 fertilizer application. 
Table A-5. 1972 irrigated P-K experiment grain yields from individual plots (kg/ha) 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 0 504 728 
Block K 0 0 0 0 672 896 672 896 
Hark soybeans 
1 3546 3176 3382 3173 3122 3161 3309 
3008 
2 2845 3107 3112 2862 3195 3354 3763 
3002 
3 3013 3073 3103 3373 3071 2969 3456 3117 
4 2683 2565 3253 2474 2990 2910 3561 
2588 
Wavne soybeans 
1 2279 2778 3390 2884 2366 2581 3188 3000 
2 2591 2925 2745 2959 2657 2837 3149 2845 
3 3353 1905 2291 2391 3049 3175 3195 2876 
4 2851 3337 2851 2409 2861 3117 3600 2464 
Corn (Pioneer 3369A) 
1 8659 7566 7023 8206 8476 8583 10316 8731 
2 6551 7491 6151 5439 8645 8440 8183 8407 
3 8303 9210 6126 6688 9829 8655 10296 10754 
4 6641 6783 4995 3807 9190 8981 8896 8642 
to 
Ln 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
728 
896 
2730 
3056 
2818 
3046 
2556 
2512 
3156 
2462 
9822 
10067 
10010 
9533 
1973 irrigated P-K experiment grain yields from individual plots (kg/ha) 
kgy'ha of fertilizer applied in 1970 and 1972 (total) _ 
P 0 0 504 728 • 0 (J" 504 
K 0 0 » 0 672 896 672 
Hark soybeans 
3631 2968 2490 2400 2626 2703 3078 
3149 2871 3097 2749 2839 3090 3039 
2087 3158 2976 3656 2607 3000 2915 
2505 2544 3129 2910 2917 2742 3256 
Wayne soybeans 
3293 2893 2141 2501 2589 3081 3701 
nil ittt vâï 
2964 2324 2192 2455 2480 
1984 2345 
2253 2466 
Corn (Pioneer 1131X) 
8649 8003 9383 9226 7671 7652 9897 
8066 8085 8712 8743 7426 7407 9872 
8844 8505 9421 8988 8367 9477 10179 
7476 7715 8894 8649 9377 7991 9897 
1 
2 
3 
A 
1 
2 
3 
4 
1 
2 
3 
4 
728 
896 
3263 
3422 
3498 
2956 
2770 
2458 
2446 
2411 
9715 
9947 
9540 
9477 
1974 irrigated P-K experiment grain yields from individual plots (kg/ha) 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
0 504 728 0 0 504 
0 0 0 672 896 672 
Hark soybeans 
2656 
2499 
3517 
2605 
2712 
2002 
3110 
2006 
7301 
4597 
4597 
5444 
2810 
2421 
3307 
2651 
2063 
2099 
2532 
1792 
4836 
4867 
6479 
4823 
3252 3025 
2861 2971 
2902 2502 
2568 2710 
Wayne soybeans 
2365 2326 
2390 2160 
2180 2173 
1874 2014 
2909 
2778 
3339 
3027 
2031 
2328 
2405 
2446 
Corn (Pioneer 3369A) 
3166 
8034 
6473 
6767 
3210 
6667 
6209 
4710 
4553 
5306 
6724 
7138 
2390 
2997 
2868 
3102 
1945 
2292 
2597 
2048 
4811 
5287 
7144 
5733 
3510 
3439 
2763 
3181 
2527 
3151 
2255 
2078 
9602 
9050 
9590 
8712 
Table A-8. October, 1973, soil test results from individual plots in the P-K irrigated 
experiment 
kg/ha of fertilizer applied in 1970 and 1972 (total) 
P 0 0 504 728 0 IT 504 728 
Block K 0 0 0 0 672 896 672 896 
Soil P (pp2m) 
1 17 8 138 208 7 5 136 218 
2 6 5 149 234 6 8 136 270 
3 19 10 91 260 10 10 148 192 
4 6 9 134 218 14 7 119 243 
Soil K (pp2m) 
1 100 89 99 93 172 238 173 241 
2 60 68 89 85 164 259 180 235 
3 88 77 72 68 166 192 121 164 
4 79 73 64 74 162 209 125 197 
Soil pH 
1 6.25 6.35 6.30 6.25 6.25 6.25 6.15 6.20 
2 6.38 5.60 6.15 6.35 6.00 6.13 6.25 6.35 
3 7.35 7.00 6.35 6.20 6.75 6.55 6.45 6.50 
4 6.85 6.85 6.48 6.28 6.93 6.73 6.40 6.30 
Table A-9. 1972 N-P-K experiment grain yields from individual plots (kg/ha) 
Treatments 
Block Check N P » + P K N + K P + K N+P+K 
1 3548 3326 
2 3762 3470 
3 3395 3612 
4 2935 3524 
1 3039 2954 
2 2744 3085 
3 3390 3241 
4 2949 2769 
1 7791 7225 
2 7287 7800 
3 8752 7726 
4 7522 8479 
Hark soybeans 
3074 3706 3368 
3526 3568 3035 
3387 3064 2988 
3578 3784 3271 
Wayne soybeans 
2839 3220 2941 
3074 3266 2844 
2662 2476 2608 
3024 3098 2839 
Com. (Pioneer 3369A) 
7697 6354 9540 
6074 6277 9004 
8900 5276 8002 
7535 8720 7831 
3254 3658 3166 
4199 3241 3249 
3192 3616 4221 
2927 3670 4174 
2695 3407 3385 
3139 2740 3410 
2604 2761 3449 
3024 3343 2756 
9631 10091 9733 
9166 9640 8885 
8400 8892 6084 
7833 9337 9613 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
N+P+K 
3642 
3508 
3186 
3484 
2949 
2595 
2587 
3074 
10079 
9301 
9301 
9301 
1973 N-P-K experiment grain yields from individual plots (kg/ha) 
Check 
3173 
3201 
3341 
3059 
2924 
3127 
2498 
2680 
Treatments 
P + K 
3810 
3081 
3390 
3911 
N P N + P k N + K 
Hark soybeans 
3037 3667 2988 3396 2765 
3471 3628 3010 4008 3391 
3318 3189 2924 3246 3183 
3236 3062 3490 3175 3042 
Wayne soybeans 
2480 2517 2317 2597 2472 
2378 2578 2554 3037 3224 
3146 2521 2834 2592 2551 
2726 3169 2849 3214 2080 
Com (Pioneer 113IX) 
2525 
3468 
3023 
2663 
7922 7207 8317 8963 8624 7545 9163 
7721 7414 8618 8630 9176 7608 9515 
9051 8781 9257 9195 7758 7784 9728 
7965 8066 8919 9163 8127 6943 8900 
Table A-11. 1974 N-P-K experiment grain yields from individual plots (kg/ha) 
Treatments 
Block Check N P N + P K N + K P + K 
N+P+K 
Hark soybeans 
I 2610 2614 2776 3178 2820 2477 3041 3180 
2 2692 2714 2822 3097 2749 2814 3203 3139 
3 2736 3210 2978 2712 2414 2761 3661 3391 
4 2929 2566 2734 3125 2941 2756 3078 2841 
Wayne soybeans 
1 2102 1909 2099 1785 2143 1779 2290 2577 
2 2273 1862 2165 2104 1941 2067 2743 2192 
3 2097 2317 2563 2101 1997 1958 2299 2453 
4 2078 2177 2268 2297 2158 1626 2570 2070 
Com (Pioneer 3369A) 
1 5394 5507 6912 8718 6912 6078 9740 9841 
2 4892 4453 8135 8762 7288 4516 9772 7991 
3 7319 7000 8304 7232 4936 5482 9571 9791 
4 6968 5413 5607 7953 5896 5588 10255 8103 
Table A-12. October, 1973, soil test results from individual plots in the N-P-K experiment 
Treatments 
Block Check N P N + P R N + K P + K N+P+K 
Soil P (pp2m) 
1 9 9 73 55 9 8 76 55 
2 11 9 57 73 14 10 51 68 
3 10 12 78 100 8 8 55 71 
4 7 8 82 62 
Soil K (pp2tn) 
8 7 59 68 
1 79 79 75 143 160 104 138 141 
2 93 78 90 102 135 132 131 138 
3 78 101 87 71 112 131 111 128 
4 76 67 74 88 
Soil pH 
129 143 115 116 
1 6.50 6.55 6.53 6.33 6.50 6.50 6.55 6.28 
2 6.40 6.40 6.58 6.40 6.40 6.30 6.48 6.50 
3 6.70 6.40 6.70 6.48 6.55 6.60 6.53 6.60 
4 6.70 6.60 6.40 6.48 6.55 6.40 6.50 6.33 
Table A-13. 1973 P-K factorial experiment grain yields for individual plots (kg/ha) 
ke/ha of fertilizer applied in 1971 and 1973 (total) 
Block 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
P 0 
K 0 
0 
168 
0 
896 
3188 
3427 
3349 
3217 
2488 
2829 
2617 
2663 
7526 
7677 
7094 
7846 
3957 
3595 
3175 
3410 
2502 
2810 
2473 
2688 
9540 
8749 
6316 
7288 
3596 
3242 
3197 
3595 
2646 
2571 
2532 
3113 
123 
0 
123 
168 
123 
896 
358 
0 
358 
168 
358 
896 
Hark soybeans 
3727 3849 
3496 3857 
3468 3652 
3402 3718 
Wayne soybeans 
2629 2351 
2929 3305 
2802 2677 
2507 2841 
Com (Pioneer 1131X) 
8436 
8818 
6698 
8323 
8944 
8292 
9188 
8655 
8549 
9452 
9069 
9508 
3981 
3574 
3631 
3695 
2798 
3211 
2857 
2505 
9427 
9214 
8969 
9283 
3737 
3832 
3767 
3210 
2628 
2925 
2814 
2495 
8975 
8775 
9552 
8611 
3761 
3835 
3625 
3420 
2746 
2485 
2766 
3009 
8370 
9533 
9490 
9076 
3910 
3774 
3568 
3920 
2369 
2405 
2971 
2610 
8549 
10016 
9991 
9860 
to 
Ul 
w 
Table A-14. 1974 P-K factorial experiment grain yields for individual plots (kg/ha) 
kg/ha of fertilizer applied in 1971 and 1973 (total) 
P 0 0 0 . 123 123 123 358 358 358 
Block K 0 168 896 0 168 896 0 168 896 
Hark s lovbeans 
1 3029 2715 3424 2897 3093 3674 3224 3335 3525 
2 2643 3188 3134 3645 3363 3288 3317 3163 3610 
3 2490 2077 2397 2997 3217 3102 3086 3386 3320 
4 2688 2343 2864 2897 3146 2868 2951 3022 3278 
Wayne soybeans 
1 2253 2626 2693 2522 2685 2250 2172 2251 2494 
2 2195 2487 2487 2138 2197 2043 2182 2582 2360 
3 1997 1813 1940 2571 2346 2444 2251 2541 2170 
4 2853 2317 2638 2592 2267 2648 2629 2458 2970 
SRF-350 soybeans 
1 2448 2812 2732 2903 3066 3029 3227 3083 3141 
2 2571 2759 2981 2810 3039 3147 2656 2797 2878 
3 2444 2346 2382 3161 3090 3833 2912 3207 3446 
4 2599 2490 2593 2834 3075 2936 3166 3088 3107 
Corn (Pioneer 3369A) 
1 5225 7106 8417 5720 7840 8919 7370 8370 
10769 
2 6404 8147 7721 7953 7396 10242 7363 10274 10474 
3 6623 5457 6479 7658 9032 9703 8486 9885 9847 
4 7652 8768 8060 8223 8126 9929 8561 
10123 9628 
October, 1973, soil test results from the soybean portion of individual plots in 
the P-K factorial experiment 
ke/ha of fertilizer applied in 1971 and 1973 (total) — 
Ô 0 0 123 123 123 358 358 358 
0 168 896 0 168 896 0 168 896 
Soil 
8 21 11 34 
10 14 10 14 
8 4 7 16 
11 6 9 35 
Soil 
143 172 334 100 
103 226 377 94 
79 102 393 95 
93 115 306 84 
34 18 76 68 96 
33 30 90 75 124 
14 27 47 42 48 
32 24 97 84 84 
119 333 113 106 357 
179 279 100 163 284 
111 352 125 119 324 
106 225 92 122 291 
6.60 6.45 6.50 
6.40 5.95 6.00 
6.60 6.90 5.85 
5.95 6.15 6.25 
Soil pH 
6.60 6.60 6.60 
6.00 6.15 5.95 
5.75 5.85 5.80 
5,89 5.85 5.95 
6.55 6.60 6.50 
6.85 6.00 6.10 
5.90 5.80 5.80 
5.85 5.85 6.00 
Table A-16. October, 1973, soil test results from the corn portion of Individual plots In the 
P-K factorial experiment 
kg/ha of fertilizer applied In 1971 and 1973 (total) 
P 0 0 0 123 123 123 358 358 358 
Block K 0 168 896 0 168 896 0 168 896 
Soil P (pp2m) 
! I! 1! " » « 
3 7 6 9 35 21 35 116 81 76 
4 10 8 13 28 23 18 83 76 60 m 
Soil K (pp2m) 
; » i "• f S S S i 
4 114 126 237 87 105 235 99 127 238 
Soil pH 
1 6.50 6.40 6.60 6.65 6.50 6.65 6.45 6.60 6.45 
2 6.40 6.25 6.20 6,45 6.40 6.55 6.40 6.45 6.60 
3 6.10 6.30 5.90 5,70 6.10 5.65 5.75 6.00 5.75 
4 5.80 5.95 6.00 5.70 5.70 6.15 5.90 5.75 6.05 
